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Abstract 
 
American students no longer lead the world in quantitative skills.  This 
decline in mathematical ability has potentially significant negative national and 
personal consequences.  Math anxiety, low self-efficacy in relation to math, and a 
sense of hopelessness about math are all possible barriers to being successful in 
learning and using math, not only in school but ultimately in many aspects of adult 
life.   
The purpose of this study was to examine the relationships between hope, 
expectation, math anxiety (positive and negative affect related components), and 
students’ final course scores in College Algebra within the context of an 
instructional strategy intended to improve student achievement and reduce math 
anxiety.  Data were collected from 214 College Algebra students in 12 different 
classrooms, taught by five instructors using this strategy.  These data were 
analyzed using multilevel modeling.   
Within the context of the study, the scores students hoped to earn and pre-
course negative affect related math anxiety subscores did not significantly influence 
their final course scores.  However, the scores students expected to earn and 
positive affect related math anxiety subscores did impact final course scores.  
Scores students hoped to earn at the beginning of the course were significantly 
related to total math anxiety as well as positive and negative affect related math 
anxiety subscores at the end of the course.  Classroom average attitudes, including 
viii 
 
averages of scores students hoped to earn, scores students expected to earn, and 
math anxiety scores were significantly related to post-course positive and negative 
affect related math anxiety subscores and total post-course math anxiety.  The 
number of students indicating that they enjoyed math and would like to take more 
math classes in the future was higher at the end of the course than at the 
beginning.  Fewer students disagreed with every negative affect related item on the 
instrument at the end of the course than did at the beginning, indicating improving 
affect.  Instructional strategies similar to the one used in this study may provide a 
rich context for supporting student achievement and improving attitudes towards 
math in College Algebra.   The results of this study may help inform the work of 
practitioners through improved understanding of the impact and interactions of 
hope, expectation, math anxiety, classroom attitudes, and achievement.   
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Preface 
 
Henry Ford is credited with saying “whether you think you can or you think 
you can’t, you’re right!”  This simple bit of folk wisdom has been a guidepost for my 
teaching and learning from the beginning.   
This dissertation begins with the word “hope”, and truly, this study began, in 
the fall of 2010, with hope.  I was a newly hired adjunct instructor for a state 
college, assigned to teach the lowest level mathematics course the college could 
offer, at a remote campus in the rural panhandle of Florida.  The first night of class, 
I drove the hour from my home to the campus, filled with my usual exuberance and 
eagerness.  But when I walked into that classroom, I found anger, fear, resentment 
and even some hostility directed at me, the dreaded math teacher. 
My students were mostly women; many were middle aged.  Many had grown 
up in trailer park poverty and were raising their children in that same poverty.  I 
believe that one of the obstacles that may have kept them from improving their lot 
in life was math.  Yet, here they were, trying once again, without high hopes or 
expectations of succeeding.  Some of them probably saw me as the person who 
would more than likely keep them stuck. 
So I abandoned my first night “Welcome and Course Introduction,” and we 
sat together and talked about their lives and their experiences with math.  They 
shared their fears, histories, anger, and frustration.  Then I asked them what we 
could do differently, if we threw away the rule book, to help them succeed. 
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We agreed to not have tests or quizzes—especially pop quizzes.   
We agreed to learn the course material in “little bites”, two weeks at a time. 
We agreed that I did need to check to be sure they were ready to move into 
new material so they didn’t get lost and left behind.  Quests, bigger than quizzes, 
smaller than tests, came into being.  The questions would not be tricky or extend 
the material far beyond what we had covered, which is what these students had 
experienced over and over again.  Instead, questions would allow us to know if 
students were ready to move into the next part of the course or if we had learning 
gaps to fill.  We agreed that I would grade those Quests and return them during the 
very next class meeting.  I would share the key, so students could learn from any 
mistakes they made. 
So we started together, to find out how to overcome the past; hope joined 
our class. 
Expectations were still low, though. 
The first Quest came.  Some students froze, others made the questions 
harder than they needed to, possibly because they were used to being shamed, 
feeling stupid, or having trick questions baffle them.  Some students skipped that 
class altogether. 
It took us time to adjust to this new strategy.   
Before the next Quest, some students asked me questions, which made other 
students feel very anxious.  We dreamed up the Jam, a rather chaotic, open review, 
with students working together at the boards, at their tables, working with me or 
on their own.  This helped everyone relax a bit, so we kept on Jamming before each 
Quest. 
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On the next Quest, some scores went up.  Students were excited that they 
had a “passing” score, some for the first time!  Expectations began to rise. 
Math anxiety was still an obstacle though.  We talked, we laughed together, 
and I praised students when they found my mistakes at the board.  I wasn’t 
embarrassed or ashamed when they caught me, but talked about the importance of 
making, finding, and learning from mistakes.  I never pretended that I made 
mistakes on purpose.  The students began to relax, and we became a community. 
My students had to take a common final, provided by the college coordinator 
for math.  This semester, students at this campus did unusually well.   
Fast forward, 2 years later, I joined the faculty at University of South Florida 
St. Petersburg.  The Jam and Quest strategy was incorporated into the institutional 
Quality Enhancement Plan, and the ReQuest was conceived.  After taking a Quest, 
students would have until the next in class Quest to learn from their mistakes and 
then have a chance to demonstrate that learning on a parallel, second assessment, 
the ReQuest.  Only the higher of the Quest and ReQuest scores would count toward 
the students’ grades.  Student success rates in the class soared to well above the 
national average of 50%.  I couldn’t help but wonder what aspects of this strategy 
were helping our students succeed.  Somehow, I had to gather the tools I needed 
to answer my curiosity.  So, I set off in pursuit of those tools by starting a Ph.D. 
program in Higher Education. 
As Paul Harvey used to say, “and now, the rest of the story.”  
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Chapter One: Introduction 
 
What is happening to Americans’ mathematical skills, and why should we 
care?  Every three years, high school students around the world participate in the 
Programme for International Student Assessment (PISA), which evaluates skills in 
mathematics, reading, and science, considered essential for being able to fully 
participate in modern society (OCED, 2014).  This assessment is carried out by the 
Organization for Economic Cooperation and Development (OCED), whose mission is 
to support policies that improve the social and economic well-being of all people.  
The OCED chose mathematics as the primary focus of the most recent PISA given 
in 2012.  About 510,000 students representing over 80% of the world’s economies 
participated in this program (OCED, 2014).  Overall, American students performed 
below the PISA average in math.  Only 9% of American students scored at the 
highest levels in math, while over one fourth of American students did not even 
meet baseline competency levels.  Many of these students may have little hope of 
being successful in post-secondary education and are likely to have difficulties with 
math for the rest of their lives (OCED, 2014).    
The OCED also conducts a Survey of Adult Skills, for people between 16 and 
65 years old.  Of the 33 countries that participated in 2013, the United States 
placed above only two countries, Italy and Spain (OCED, 2013).  Nearly two-thirds 
of American adults scored in the lowest two levels of mathematical competency.  
Yet, being able to use and understand math is essential to many aspects of adult 
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life (OCED, 2013).  This could be considered an educational and economic crisis in 
the making. 
For the United States to maintain global leadership in science, technology, 
engineering, and math (STEM) related industries steps must be taken to address an 
anticipated shortfall of approximately 1 million professionals in these fields 
(President’s Council of Advisors of Science and Technology, 2012).  The National 
Governors Association Center for Best Practices (2011) predicts that without these 
STEM professionals, the US economy will stagnate, or worse, fall into decline as the 
country loses the ability to compete globally.  STEM professionals have the essential 
skills needed for innovation and discovery that allow U.S. industries to adapt to 
meet the rapidly changing demands of the global marketplace (National Governors 
Association Center for Best Practices, 2011).  The demand for STEM professionals in 
the U.S. is increasing at about twice the rate of non-STEM areas, while the 
unemployment rate in STEM fields is about half of the unemployment rate in non-
STEM fields (National Governors’ Association Center for Best Practices, 2011).  
Financial incentives are strong in STEM, where the average annual salary exceeds 
that of non-STEM professionals by about $35,000 (National Governors’ Association 
Center for Best Practices, 2011).   
Students graduating in 2015 with degrees in engineering or computer science 
can expect average annual starting salaries in excess of $60,000 (National 
Association of Colleges and Employers, 2015).  Students completing bachelor’s 
degrees in math, business, agriculture, natural resources, and health care in 2015 
can anticipate average starting salaries above $50,000 (National Association of 
Colleges and Employers, 2015).   
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However, in spite of this positive outlook, over 60% of the students who 
begin post-secondary education intending to earn degrees in STEM fields do not 
complete those degrees (President’s Council of Advisors of Science and Technology, 
2012).  Students who leave STEM majors often are dissatisfied with the teaching 
methods in their STEM classes (Dai & Cromley, 2014).  “This should be seen as a 
national crisis of STEM teaching, yet many STEM faculty members believe that this 
‘weeding out’ process is in the best interest of their disciplines and the larger 
national interest” (President’s Council of Advisors of Science and Technology, 2012, 
p. 6).  Yet, many of these students have demonstrated strong aptitude in STEM 
fields and many others may have revealed an ability in STEM areas if different 
instructional and assessment strategies had been used (President’s Council of 
Advisors of Science and Technology, 2012).   
Math is foundational to the other STEM disciplines, so students who have low 
self-efficacy related to math, high levels of math anxiety, or negative experiences in 
foundational college level mathematics courses are particularly likely to leave STEM 
degree programs (President’s Council of Advisors of Science and Technology, 2012; 
Chen, 2013).  Retention and graduation of these students who intended to pursue 
STEM degrees could contribute significantly to reducing the shortfall in these areas 
(President’s Council of Advisors of Science and Technology, 2012).   
U. S. employers in many non-STEM fields need workers with quantitative 
skills (National Leadership Council for Liberal Education and America’s Promise, 
2008).  For example, careers in business, criminal justice, education, and health, 
which are some of the fastest growing sectors of the U.S. job market, require 
mathematical knowledge and skills (Adelman, 2006; President’s Council of Advisors 
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of Science and Technology, 2012).  But while Americans approaching retirement 
age, between 55 and 65 years old, performed around average compared to others 
globally on the Survey of Adult Skills (OCED, 2014), the generation now entering 
the job market, Americans who are 16 to 24 years old, performed at the lowest 
levels internationally.   
The relative decline of American’s math skills has also contributed to 
economic woes.  These skills are critical to consumers’ abilities to make sound 
decisions about their personal lifestyles, spending habits, and the use of consumer 
credit (Gilliland, Melfi, Sikorskii, Cocroran, & Melfi, 2011).  American consumers 
carried a debt load in excess of $3.5 trillion as of December, 2015 (Board of 
Governors of the Federal Reserve System, n.d.).  Paying the high interest rates on 
this debt can be devastating to consumers’ financial health, as evidenced by the 
legally mandated warnings on credit card statements about the consequences of 
increasing debt load (Nye & Hillyard, 2013).  Cumulatively, these consumer 
decisions and actions negatively impact the nations’ economy and financial stability 
(Nye & Hillyard, 2013).   
Quantitative literacy is one of the essential learning outcomes supported by 
the National Leadership Council for Liberal Education and America’s Promise 
(2008).  Students, whether intending to major in a STEM field or not, must pass 
some combination of the quantitative literacy courses, often including College 
Algebra, various liberal arts math courses, or other general education math 
courses, to complete bachelor’s degrees at liberal arts universities and colleges.  Of 
these courses, College Algebra, which has the highest enrollment of all college level 
math courses, is particularly problematic because over half of the students taking 
8 
 
this course for the first time do not pass the class (Dai & Cromley, 2014; Small, 
2006).    
Instructional strategies that are designed to improve academic achievement, 
and that engage, inspire, and motivate students to be successful in mathematics 
must be developed, evaluated, and implemented if these critical issues are to be 
resolved (Beilock & Maloney, 2015; President’s Council of Advisors of Science and 
Technology, 2012).  The President’s Council of Advisors of Science and Technology 
(PCAST) (2012) made several specific recommendations to improve undergraduate 
STEM education in the first two years of college.  First, encourage the widespread 
implementation of effective instructional strategies.  Next, address the needs of 
students who arrive at college without the background skill and knowledge they 
need to be successful in college level math courses.  Finally, teach critical thinking 
skills, focusing on learning rather than testing or grades.  Using a variety of 
instructional strategies may resolve these issues (President’s Council of Advisors of 
Science and Technology, 2012).  Implementation of these recommendations 
requires professional development in effective teaching practices, establishing 
institutional expectations, and providing individual rewards that incentivize effective 
teaching (President’s Council of Advisors of Science and Technology, 2012). 
Rationale for the Study  
This study examined an instructional strategy that is intended to reduce 
math anxiety and improve student achievement in college math.  The results of the 
study may help inform the work of practitioners through improved understanding of 
the impact and interactions of students’ hopes, expectations, and math anxiety on 
student achievement.  The study also examined classroom factors that may affect 
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achievement and math anxiety.  In addition, results from this study may provide a 
rich context for developing additional strategies to support student success in 
College Algebra, especially for students who are hampered by a lack of hope, low 
personal expectations for success, or math anxiety.  Finally, this study addressed 
several gaps in the existing literature. 
Of the many studies found that examine the relationship between math 
anxiety and math achievement, it appears that few, if any, examine the impact of 
the positive and negative affective components of math anxiety separately, but 
instead focus on only the negative affect related components  (Bai, 2011).  In fact, 
most of the instruments used to assess math anxiety are unidimensional, aligned 
specifically with negative affect related to math (Bai, Wang, Pan, & Frey, 2009).  
Bai (2011) suggested that research examining the positive and negative affect 
related math anxiety scores separately may be valuable in revealing different 
patterns in responses to interventions. 
Downs (2015) stated that research that “has been performed in laboratory, 
or quasi-laboratory, settings may not represent the complex and nuanced nature of 
the classroom in which teachers wish to use testing and feedback” (p. 172).  
Therefore, these findings may not be generalizable to classroom practice.  In fact, 
findings from studies done in naturalistic settings may not support findings from 
similar laboratory based studies (Downs, 2015).  Gaps also exist in the literature 
related to the use of testing as a learning tool.  Additional research into the efficacy 
of testing as a means of supporting learning, and therefore achievement, in 
naturalistic settings is needed to provide contextually rich and meaningful findings 
for practitioners (Downs, 2015). 
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Individual factors, like a student’s hope and personal expectation, may play 
an important role in student achievement in math.  However, few studies have 
examined the relationship between hope and achievement (Pekrun, Goetz, & Titz, 
2002).  In addition, Bandura (1977) emphasized the importance of assessing both 
hope and outcome expectation when examining students’ self-efficacy, because the 
two constructs may be confounded in students’ responses unless both are 
measured.  However, it appears that little, if any, research has been conducted 
regarding the relationships between the outcomes students hope for, the outcomes 
students expect, and their achievement in college level math courses. 
Finally, research relating math anxiety to achievement has most often relied 
on analysis procedures that assume independence of observations (Radišić, 
Videnović, & Baucal, 2015).  These procedures ignore the interdependence that 
may result when students share a classroom environment or instructors teach 
multiple sections of a course (Ferron, Hogarty, Dedrick, Hess, Niles, & Kromrey, 
2008; Radišić, Videnović, & Baucal, 2015).  This study used multilevel modeling, an 
analysis method that accounts for such interdependence, and so may yield insights 
into the impact and interactions of individual factors and classroom conditions on 
math anxiety and achievement. 
Statement of the Problem 
Math anxiety, low self-efficacy in relation to math, and a sense of 
hopelessness about math are all potential barriers to being successful in learning 
and using math, not only in school but ultimately in many aspects of adult life.  
Understanding the relationships between hope, expectation, math anxiety, and 
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student achievement is essential for improving teaching strategies and reducing the 
obstacles posed by poor levels of achievement in math.  
Purpose 
The purpose of this study was to examine the relationships between 
students’ hopes, expectations, and math anxiety (positive and negative affect 
components), and final course scores in College Algebra.  This research was carried 
out within the context of an instructional strategy intended to improve student 
achievement and reduce math anxiety.  The key elements of this strategy were: 
1. Course content was chunked into units that lasted two weeks. 
2. Formative assessments called Quests were given at the end of each unit. 
Each Quest was preceded by an active, student-led review session called 
a Jam. During a Jam, students posed questions for one another, asked for 
help, and reviewed key concepts with their peers.  The instructor, acting 
as a consultant and not the leader, was always available to help, if 
needed.  
3. Prompt feedback was given to students on each formative assessment. 
4. Students were encouraged to learn from their mistakes and fill knowledge 
gaps promptly. 
5. Second chances parallel assessments called ReQuests were offered for 
each Quest, covering the same content using different questions. 
6. Only the higher of the two formative assessment scores (the Quest and 
ReQuest scores) counted towards the computation of final course scores.  
Students were never penalized for trying again. 
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Figure 1 (see page 14) illustrates the instructional process, the students’ 
decision points, and the data collection points.  The course in this study uses seven 
units of instruction, each of which includes a formative assessment called a Quest, 
an optional second chance parallel assessment called a ReQuest, and a 
comprehensive final exam. 
Research Questions 
Four research questions were addressed by this study: 
1. What are the relationships between students’ final course scores in College 
Algebra and the 
a. scores students say they hope to earn in this course; 
b. scores students say they think they will earn in this course; 
c. positive affect related math anxiety scores at the beginning of the 
course; 
d. negative affect related math anxiety scores at the beginning of the 
course; and the 
e. number of second chance assessments taken during the course? 
2. What are the relationships between students’ total math anxiety scores at 
the end of the College Algebra course and the 
a. scores students say they hope to earn in this course; 
b. scores students say they think they will earn in this course; 
c. positive affect related math anxiety scores at the beginning of the 
course; 
d. negative affect related math anxiety scores at the beginning of the 
course; and the  
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e. number of second chance assessments taken during the course? 
3. What are the relationships between students’ positive affect related math 
anxiety scores at the end of the College Algebra course and the 
a. scores students say they hope to earn in this course; 
b. scores students say they think they will earn in this course; 
c. positive affect related math anxiety scores at the beginning of the 
course; and the 
d. number of second chance assessments taken during the course? 
4. What are the relationships between students’ negative affect related math 
anxiety scores at the end of the College Algebra course and the 
a. scores students say they hope to earn in this course; 
b. scores students say they think they will earn in this course; 
c. negative affect related math anxiety scores at the beginning of the 
course; and the 
d. number of second chance assessments taken during the course? 
Conceptual Framework 
This instructional strategy in this study is founded on a combination of 
sociocultural learning theory and constructivist theory.  From a sociocultural 
perspective, the implications and limitations (meanings) of math anxiety, negative 
affect, and low self-efficacy in relation to mathematics are socially constructed.  If 
students accept these meanings or beliefs (e. g. If I’m anxious about math then I 
won’t do well in math.  If I don’t do well in math now, I will never do well in math.), 
their experiences and beliefs may fuel a self-fulfilling cycle.  Within the sociocultural  
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Figure 1: Instructional Process and Data Collection Points 
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framework learning is not only a cognitive process, but also requires interaction in a 
social context (Lattuca & Stark, 2009). 
From a constructivist perspective individuals create meanings based on their 
own lived experiences (Crotty, 2013).  If students who have accepted socially 
constructed beliefs about their inability to do well in math can experience success in 
math, then these lived experiences may contradict the limiting beliefs.  Through 
these experiences, students can create new personal meanings about math and 
achievement (Bandura, 1994).  Overcoming the self-limiting beliefs associated with 
negative affect and math anxiety may contribute to improving student achievement 
(Dweck, 1986; Cates & Rhymer, 2003). 
Delimitations and Key Assumptions 
1. This research is limited to those students in attendance at the University of 
South Florida, St. Petersburg (USFSP) who completed College Algebra in the 
Spring and Fall 2015 semesters. 
2. Ethnicity of the student population at USFSP for the 2014/2015 academic year 
was 68% Caucasian, 15% Hispanic, 8% African American, 4% Asian, 4% two or 
more races, and 5% of the students come from abroad; 61% of the students at 
USFSP were female and 39% of the students were male (Fact ook 2014-2015). 
3. Making generalizations about the results of this study to other student 
populations, whether at different kinds of institutions (2-year, 4-year, private) 
or institutions at which student different demographic profiles differ from the 
profile at USFSP may not be appropriate. 
4. Making generalizations about the results of this study to other math courses or 
subject areas is not warranted. 
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5. Although students were reassured by their instructors that responses to the 
survey questions would not impact their grades, some students may have 
provided responses they thought might influence their instructor, rather than 
honest answers. 
6. Students who did not complete the course were not included in the data 
analysis.  
Definition of Terms 
 Achievement (or success) in College Algebra.  Achievement in this study is 
measured by the student’s final course score.  A minimum score of 70% is 
needed to pass the course. 
 Affect.  Affect is a complex construct that includes typical ways people 
express or feel emotions.  This construct includes anxiety, self-efficacy, 
aspiration, interest, attitude, locus of control, self-esteem, and value 
(Anderson, 1981). 
 Anxiety.  “Painful or apprehensive uneasiness of mind, usually over an 
impending or anticipated ill, a fearful concern or interest” (Webster, 2015, 
para. 1).   
 College Algebra.  A general education college level mathematics course 
designed for lower level undergraduate students.  The course may be taken 
as a pre-requisite for higher level mathematics courses, including calculus or 
business calculus.  Concepts covered include polynomial, absolute value, 
rational, and radical functions; inverse functions; exponential and logarithmic 
functions and equations; systems of equations and inequalities; and 
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applications including optimization, exponential and logarithmic growth and 
decay. 
 Hope.  A person’s thoughts about their ability to generate pathways to 
achieving a goal, having the motivation to use those pathways, and being 
able to achieve that goal (Rand, Martin, & Shea, 2011). 
 Jam.  A 10 to 15 minute student-led, cooperative learning and review 
opportunity prior to each in class Quest in the instructional strategy used in 
this study. 
 Math anxiety.  Feelings of confusion, tension, frustration, or anxiousness that 
arise when attempting to use math in academic or ordinary life situations 
(Richardson & Suinn, 1972). 
 Outcome Expectation.  The outcome a person anticipates will result from a 
particular course of behavior (Bandura, 1977, 1986).   
 Quest.  A short, paper and pencil, formative assessment given in class every 
two weeks as part of the instructional strategy used in this study. 
 ReQuest.  A parallel assessment to the corresponding Quest, covering the 
same key concepts with different questions, given on computer in a 
proctored setting outside of class time. 
 Self-efficacy.  A person’s belief in their ability to complete a task with a 
certain level of competence (Bandura, 1986). 
Organization of the Study 
This study is presented in five chapters.  Chapter 1 includes a discussion of 
the importance of math in general and college math, in particular.  Descriptions of 
the rationale for this study, the instructional strategy that is the site of this 
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research, the statement of the problem which this study addresses, the research 
questions, conceptual framework, limitations of the study, key assumptions, 
definitions of terms, and the organization of the study are also provided in Chapter 
1.  Chapter 2 includes a review of the relevant theory and literature regarding 
student level factors and instructional strategies related to math achievement.  
Student level factors which are discussed are affect, hope, self-efficacy, outcome 
expectation, and math anxiety.  The instructional strategies that are discussed are 
assessment, adaptive learning, mastery experiences, Carroll’s Model of School 
Learning, Keller’s Personalized System of Instruction, and Bloom’s Learning for 
Mastery.  Chapter 2 concludes with additional research that examines the 
relationships between these factors and strategies.  Chapter 3 includes the details 
of the methodology used in this study, including the research design, research site, 
instrumentation, variables, participants, data collection methods, data analysis, and 
multilevel model specification for each research question.  The results of all 
statistical analyses: summary statistics, correlational analysis, estimation and 
significance of multilevel model parameters, and an analysis of assumptions for the 
model are provided in Chapter 4.  Chapter 5 completes this dissertation with a 
discussion and summary of the results, including the relationship of these results 
with existing literature, the limitations of the study, implications for practice, 
recommendations for further research, and conclusions. 
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Chapter Two: Literature Review 
 
The overarching purpose of this study is to examine the relationships 
between students’ hopes, expectations, math anxiety (positive and negative affect 
components), and final course scores in College Algebra.  An instructional strategy 
that includes frequent formative assessments is the site of the research.  To 
provide a context for this study, this literature review has four main areas of 
emphasis that correspond to the factors of interest in this study.  Theory and 
research about individual psychological factors that contribute to academic 
achievement in general, including affect, hope, self-efficacy, and outcome 
expectation are discussed in the first section of this review.  An exploration of math 
anxiety is detailed in the second section.  The third section of this review includes 
an overview of individual (cognitive) and instructional (social) strategies for 
decreasing math anxiety and improving student achievement.  Finally, research 
that examines two or more of these factors in relationship to each other or to 
mathematics achievement is summarized. 
Student Level Factors Related To Academic Achievement 
The beautiful thing about learning is that no one can take it away from you. 
~B. B. King 
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This portion of the review of literature describes theory and research related 
to the student level factors that impact academic achievement in general.  The 
factors that will be discussed are affect, hope, self-efficacy (social cognitive theory), 
and outcome expectation. 
 
Affect 
Feelings or emotions are the universal language and are to be honored. 
They are the authentic expression of who you are at your deepest place. 
~ Judith Wright 
 
Affect is a complex construct that reflects typical ways people express or feel 
emotions, including anxiety, self-efficacy, aspirations, interest, attitude, locus of 
control, self-esteem, hope, and anxiety (Anderson, 1981).  Each component of 
affect has three characteristics: target, direction, and intensity (Chamberlin, 2010).  
The target is the activity, idea, or object related to the component (Chamberlin, 
2010).  For example, the target for anxiety may be mathematics.  The direction 
associated with the target may be positive or negative (Chamberlin, 2010).  The 
intensity is the strength of the feelings related to the target (Chamberlin, 2010).  
The direction and intensity of an affective component spans a continuum from 
negative to positive (Anderson, 1981).  As examples; attitude may range from 
unfavorable to favorable; academic self-esteem may range from negative to 
positive; and anxiety may range from relaxed to tense (Anderson, 1981).  Negative 
affect is characterized by the dominance of negative attitudes, lack of interest, and 
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high anxiety, while positive affect is characterized by dominance of positive 
attitudes, interest, and low anxiety (Anderson, 1981).  
 
Hope 
A little more persistence, a little more effort, and what seemed  
hopeless failure may turn to glorious success 
~Elbert Hubbard 
 
Hope is a component of affect (Magaletta, & Oliver, 1999; Snyder, 2002; 
Snyder et al.,1991).  Hope has three elements: a goal, a means of achieving the 
goal (the pathway), and the willpower or energy to move towards achieving the 
goal (the agency), or more simply a goal, the will, and the ways (Snyder, 1995, 
2002).  Hopeful people tend to have positive feelings, set goals and have “an 
affective zest about the pursuit” of those goals (Snyder, 2002, p. 252).  A person 
with low levels of hope tends toward negativity and brings little energy or effort to 
achieving their goals (Snyder, Shorey, & Rand, 2006). 
Hope differs from optimism.  Hope is related to achieving one’s goals at some 
time in the future, while optimism is related to avoiding negative future outcomes 
(Snyder, 2002).  In a study of 86 law students, Rand, Martin, and Shea (2011) 
sought to differentiate between hope and optimism as predictors of academic 
performance.  The researchers found that initial levels of hope were significant 
predictors of academic performance when controlling for previous grades in college 
and scores on the Law School Admission Test.  However, the results indicated that 
optimism was not a significant predictor of academic performance. 
22 
 
In educational settings, hopeful students tend to set more goals, chose 
challenging learning goals, believe that they will be successful in achieving their 
goals, and have higher academic achievement than students who have little hope 
(Snyder, Shorey, & Rand, 2006).  Students with low hope set fewer goals, choose 
lesser goals, and bring a negative emotional stance to the tasks at hand (Snyder, 
Shorey, & Rand, 2006).   
Instructors can support their students’ hopes by providing pathways for 
students to achieve course goals and motivating students with engaging and 
inspiring instructional strategies (Snyder, Shorey, & Rand, 2006).  Instructors can 
create a safe learning environment that emphasizes learning (mastery goals) and 
not on grades (performance goals), which may increase hopes, by inspiring 
meaningful goals and realistic ways of achieving those goals (Snyder, Shorey, & 
Rand, 2006).  In such an environment, students are likely to enjoy learning and 
improve their academic performance (Snyder, Shorey, & Rand, 2006).  Instructors 
can nurture a safe learning environment by sharing their own hopes and 
demonstrating care and commitment to their students (Snyder, Shorey, & Rand, 
2006).  Including students’ ideas in discussions about meaningful and achievable 
academic goals provides opportunities for students to see the means of achieving 
the goals, thereby increasing hope (Snyder, Shorey, & Rand, 2006).  “Most of us . . 
. can think of one person who took the time to care, to teach us the ways, and to 
light the spark of hope in our lives.  Often, too, that hope-inducing adult was a 
teacher” (Snyder, Shorey, & Rand, 2006, p. 173). 
Very little research was found that examined hope in relationship to 
academic achievement.  One study that did explore the effect of hope was 
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conducted by Onwuegbuzie (1998).  The sample in this study consisted of 109 
graduate students taking statistics and research methods courses.  Onwuegbuzie 
(1998) found that hope is negatively related to statistics anxiety, confirming similar 
findings relating hope and general anxiety by Holleran and Snyder (1990, as cited 
in Onwuegbuzie, 1998).  Onwuegbuzie inferred that students with low hope set 
lesser goals about achievement in statistics, and this, compounded with anxiety, 
increased avoidance and decreased motivation to learn the material.  The 
researcher suggested that self-defeating thoughts led to behavior that contributed 
to poor achievement, affirming and increasing anxiety, and decreasing hope. 
 
Self-Efficacy 
Possunt quia posse videntur. 
They can, because they think they can. 
~Virgil 
 
Self-efficacy is related to hope and has a powerful influence on people’s 
choices, behavior, motivation, effort, and perseverance in the face of challenges 
(Bandura, 1986; Snyder, 2002).  Social cognitive theory holds that people engage 
in actions that are determined by motivation and the belief that these actions can 
contribute to a desired outcome.  These outcomes, in turn, drive motivation and a 
belief in the ability to influence future outcomes (Bandura, 1986).  Bandura (1986) 
defines self-efficacy as:  
people’s judgments of their capabilities to organize and execute courses of 
action required to attain designated types of performances.  It is concerned 
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not with the skills one has, but with the judgments of what one can do with 
whatever skills one possesses.  (p. 391) 
Self-efficacy is task specific and in this way, differs from self-concept, which 
involves personal judgments about competence within broad, general areas 
(Pajares & Miller, 1994).  For example, a student may have high self-concept in 
general, yet have low self-efficacy in relation to math (Zimmerman, 1995).  Self-
efficacy contributes to the amount of effort and persistence a person is willing to 
devote to accomplishing a task.  High self-efficacy related to a particular task leads 
to stronger and more persistent efforts toward accomplishing that task (Bandura, 
1977).  On the other hand, a person’s belief that they may not be able to 
accomplish a task can lead to negative, self-critical thoughts and a focus on failure 
(Onwuegbuzie, 1998).  These self-critical thoughts interfere with effort, and 
ultimately, lower achievement follows, unless the cycle is disrupted (Onwuegbuzie, 
1998).  Even when self-efficacy related to a task is high, effort and persistence may 
be low depending on the significance of the anticipated rewards, any perceived 
threat (physical, social, or psychological) associated with failure, unclear objectives 
for the task, lack of performance benchmarks, and lack of feedback about progress 
(Bandura, 1977, 1986). 
Bandura (1986, 1994) described four sources of self-efficacy: personal 
experience, physical and emotional states, learning from others, and social 
persuasion.  When a person attempts a task and is successful, self-efficacy can 
increase, while lack of success can contribute to decreasing self-efficacy 
discouragement (Bandura, 1994).  Repeated experiences strengthen, positively or 
negatively, a person’s self-efficacy related to the task (Bandura, 1994).  However, 
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if a person repeatedly experiences easy successes, he or she may develop an 
expectation that similar successes will always come quickly and easily, so failures 
may then lead just as quickly to discouragement (Bandura, 1994).  A person with 
high self-efficacy related to a task who experiences occasional failures tends to 
believe that her or his lack of success is due to situational factors, including poor 
strategy or lack of sufficient effort, without a significant decrease in self-efficacy 
(Bandura, 1994).  When a person overcomes failure with determined effort, self-
efficacy and resilience can increase (Bandura, 1986, 1994).  
The ways in which a person interprets his or her physical and emotional 
states also contributes to self-efficacy related to the task at hand (Bandura, 1994).  
A person may interpret signs of stress or anxiety as indicators of the potential for 
failure (Bandura, 1994).  Anxiety interferes with performance; fears generate more 
fears in anticipation of negative consequences; and in general, psychological or 
physiological distress negatively impacts a person’s ability to accomplish the 
associated task (Bandura, 1986). 
Learning vicariously from others contributes to self-efficacy, although to a 
lesser degree than does direct personal experience (Bandura, 1986, 1994).  Seeing 
others performing tasks successfully can increase self-efficacy and lead to greater 
determination, which can then contribute to success and further improvement in 
self-efficacy (Bandura, 1986, 1994).  By observing competent role models, a person 
can learn the skills and strategies needed to become competent in those same skills 
and strategies (Bandura, 1994).  Developing these skills then leads to increased 
self-efficacy (Bandura, 1994).  Conversely, seeing others fail in spite of a 
determined effort can contribute to decreased self-efficacy and increased likelihood 
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of failure (Bandura, 1994).  People who are uncertain of their own ability to be 
successful are particularly susceptible to others’ influences (Bandura, 1986).  
Social persuasion, without demonstrated success or failure, can also 
contribute positively or negatively to self-efficacy (Bandura, 1986, 1994).  A person 
who is given encouragement in situations in which she or he can succeed is 
supported in having the success (or mastery) experiences that contribute to 
improving self-efficacy.  Persuasion given without the conditions that support 
success tends to undermine the credibility of the persuader and the self-efficacy of 
the person who is being persuaded (Bandura, 1986, 1994).   
The connection between self-efficacy and academic achievement has been 
the subject of a considerable amount of research.  In particular, Pajares and Miller 
(1995) conducted a study involving 350 undergraduate college students to test the 
relationship between self-efficacy related to math and math problem solving skills.  
The results of the path analysis indicated that self-efficacy in relation to 
mathematics was a better predictor of students’ problem solving skill than was the 
amount and types of math courses students had already completed.  Further, the 
effects of gender on problem solving skills in math were mediated by self-efficacy 
related to math.  The researchers concluded that these results aligned well with 
social cognitive theory because students’ beliefs about their ability to solve math 
problems were a better predictor of their success in doing so than any of the other 
variables.  
In related research, Komarraju and Nadler (2013) conducted a study of 407 
college undergraduates to examine the relationships between motivation, self-
efficacy and academic achievement as measured by overall grade point average.  
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The researchers used multivariate analysis of covariance, correlational analyses, 
and regression analysis to identify possible relationships between the variables.  
Although some of these participants were taking a psychology course together, it 
appears that there was no attempt to identify or address any resulting possible 
violation of the assumption of independence of observations.  The researchers 
found that students with lower self-efficacy related to academics also had lower 
levels of academic motivation and lower academic achievement than did students 
with higher self-efficacy related to academics.  The researchers also suggested that 
helping students increase their self-efficacy and support beliefs that their efforts 
would help them succeed would encourage the students to set mastery goals and 
perhaps thereby improve their academic achievement.  The researchers suggested 
that providing learning opportunities in which students can experience success, 
helping students manage learning-related anxieties, providing positive role models, 
and helping students practice strategies for overcoming obstacles would contribute 
to increasing self-efficacy and academic achievement. 
The relationship between hope, academic self-efficacy and academic 
achievement was the subject of a study involving 89 college students conducted by 
Feldman and Kubota (2015).  Using path analysis, the researchers found that hope 
and academic self-efficacy were equally reliable predictors of students’ grade point 
averages.  The researchers distinguished between general hopefulness and 
academic hope.  Academic hope was found to be a stronger predictor of grade point 
average than was academic self-efficacy.  General hopefulness impacted both 
academic hope and academic self-efficacy.  In total, general hope acting on 
academic hope was the strongest pathway in predicting grade point averages.  The 
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researchers concluded that general hopefulness contributed significantly to grade 
point average, mediated by both academic hope and academic self-efficacy.   
Self-efficacy may also play a role in the choices related to the level of course 
a student takes.  Hall and Ponton (2002) conducted a study of 375 college 
freshmen to examine the relationship between the level of course being taken and 
math self-efficacy.  Independent t-tests were conducted to determine if students in 
developmental math courses had lower self-efficacy in relationship to math than did 
students in calculus.  The results indicated that a statistically significant difference 
existed between self-efficacy for students in calculus and students in developmental 
math, with students in calculus reporting higher self-efficacy related to math.  
However, this analysis method failed to account for the interdependence that may 
have existed between students within a classroom.  
 
Outcome Expectation  
We must rediscover the distinction between hope and expectation. 
~Ivan Illich 
 
Self-efficacy and hope are related to outcome expectation; the outcome a 
person anticipates will result from a particular course of behavior (Bandura, 1977, 
1986).  Like hope and self-efficacy, outcome expectation is not fixed; but changes 
over the course of time (Bandura, 1977).  Snyder (1995) likened outcome 
expectation to the pathway component of hope, the will and a way of accomplishing 
a goal.  Bandura (1986) stated that self-efficacy and outcome expectation both 
contribute to choices made about behavior, and that behavior substantially 
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determines outcomes.  A person with low self-efficacy in relationship to a particular 
task tends to avoid the tasks that they believe are beyond their capabilities 
(Bandura, 1977).  Yet if such a person persists in actions related to that task and 
experiences success (mastery), in spite of their outcome expectation, self-efficacy 
is improved (Bandura, 1977).  A person with high self-efficacy related to particular 
tasks will readily attempt those tasks at which they believe they have a reasonable 
chance of being successful (Bandura, 1977).  Bandura (1977) cautioned that most 
studies (at that time) may have confounded outcome expectation with hoped-for 
outcomes because both variables were not assessed simultaneously. 
A study was conducted by Siegel, Galassi, and Ware (1985) of 143 college 
students taking an introductory level math course to compare the predictive value 
of attributes related to self-efficacy and outcome expectation with math aptitude 
and anxiety on math achievement.  Multiple regression was used to analyze the 
data although any interrelatedness of observations because of shared classroom 
experiences was apparently ignored.  The researchers reported that incentives, 
self-efficacy (both direction and intensity), and outcome expectation were stronger 
predictors of achievement as measured by performance on the final exam than 
were math aptitude or anxiety.   
A study conducted by Levi, Einav, Ziv, Raskind, and Margalit (2014) involving 
289 10th grade students in Israel used structural equation modeling to examine the 
relationships between hope, outcome expectation, and grades.  The models that 
were estimated indicated that hope influenced academic achievement indirectly 
through outcome expectation (the grades students said they expected to earn), 
although none of the models attempted to estimate a direct path from hope to 
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achievement.  Hope had the strongest effect on expected grades of all other 
variables considered (effort, sense of coherence, academic and emotional self-
efficacy, and gender).  Academic self-efficacy also contributed to significantly to 
effort (directly) and to hope, outcome expectation, and to achievement (indirectly 
through effort). 
This section of the literature review has highlighted relevant theory and 
research about psychological factors that affect a person’s academic ability in 
general.  These factors are 
 affect, which refers to how people feel and express emotions; 
 hope which can inspire people to set and achieve goals; 
 self-efficacy, which involves a person’s beliefs about their ability to 
accomplish goals; and 
 outcome expectation, which refers to anticipated results.   
Math anxiety may also affect a person’s ability to learn and use math, in and out of 
the classroom. 
Math Anxiety 
Math anxiety: an intense lifelong fear of two trains approaching  
each other at speeds of 60 and 80 miles per hour. 
~ Rick Bayan 
 
Math anxiety includes feelings of worry, tension, or fear that arise both in 
academic contexts and in daily life (Jameson & Fusco, 2014; Richardson & Suinn, 
1972).  Math anxiety can sometimes contribute to improved academic performance, 
motivation, and achievement in math.  However, most often math anxiety is 
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negatively related to achievement (Andrews & Brown, 2015; Bai, 2011; Beilock & 
Maloney, 2015; Betz, 1978; Cates & Rhymer, 2003; Dweck, 1986; Hembree, 1990; 
Ma, 1999; Pekrun, Goetz, & Titz, 2002; Richardson & Suinn, 1972).  For many 
people, math anxiety manifests as despair, embarrassment, inadequacy, 
hopelessness, lack of self-worth, and low self-efficacy in relation to math (Zopp, 
1999). 
 
Development of Math Anxiety 
Math anxiety has its origins in “any negative experience related to an 
individual’s doing math” (Fiore, 1999, p. 403).  These negative experiences can 
include not doing well in math games, doing problems incorrectly in front of a class, 
seeing other students complete math questions more quickly, or being shamed or 
scolded by parents, peers, or teachers for math mistakes (Nolting, 2002).  Negative 
comments or lack of support from teachers or parents about a learner’s math skills 
can also lay the foundation for the development of math anxiety (Maloney & 
Beilock, 2012; Nolting, 2002).  Life events like illness or moving, which disrupt a 
child’s education, can create learning gaps that contribute to math anxiety (Zopp, 
1999).  Hurtful experiences and words erode a learner’s self-confidence and create 
negative associations with math (Nolting, 2002).   
Very early experiences can contribute to the beginnings of math anxiety in 
elementary school students (Beilock, Gunderson, Ramirez, & Levine, 2010; Brady & 
Bowd, 2005; Maloney & Beilock, 2012).  Adams (2012) described a cycle of math 
anxiety in which an elementary school teacher who may not like math, thinks he or 
she is bad at math, or who experiences moderate to high math anxiety, influences 
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the students in the classroom.  Social norms of not liking math support this view, 
predisposing children at an early age to dislike and fear math (Beilock, Gunderson, 
Ramirez, & Levine, 2010).  Math anxiety begins to develop as early as first grade, 
especially if the child is influenced by his or her teacher’s negative feelings about 
math (Beilock, Gunderson, Ramirez, & Levine, 2010; Maloney & Beilock, 2012).  
Teachers, who themselves may feel ill-equipped to teach math, may contribute to 
students’ discouragement, frustration, and anxiety related to math (Brady & Bowd, 
2005; Maloney & Beilock, 2012).   
Cornell (1999) described several instructional strategies that can contribute 
to the development of math anxiety at all levels of schooling, including: 
 Some teacher’s beliefs that math is easy, simple, or self-explanatory.  
Consequently, students who do not understand math easily often think of 
themselves as incapable or “stupid”. 
 Difficult vocabulary terms like “dividend,” “quotient,” “multiplicand,” and 
“rational numbers” are explained poorly or not at all. 
 Instruction that skips steps or provides incomplete explanations for 
procedures leaves students confused and frustrated. 
 Excessive use of skill drills (“drill and kill”), evaluation, and homework 
leads to frustration, procrastination, and avoidance. 
 Memorizing math facts, formulas, and procedures is emphasized more 
highly than understanding, problem solving, and creative or critical 
thinking.  
 Math is often taught as concepts and procedures without sufficient 
connection to real applications or daily life.  
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 Insufficient time is provided for students to fully grasp one concept before 
moving on to the next concept.  Math is sequential in nature, so falling 
behind in class is an almost insurmountable obstacle to success. 
Fourth grade math content, which includes fractions, multiplication tables, 
and long division, becomes more abstract and less intuitive, and skill drills and 
timed-tests may induce more anxiety (Hembree, 1990).  Math anxiety begins to 
increase sharply between 6th grade and 9th grade (Hembree, 1990).  By the end of 
high school between 67% and 75% of students have some level of math anxiety 
(Hembree, 1990).   
In college, students’ math anxiety and negative self-efficacy tend to continue 
to increase (Adams, 2012; Hembree 1990).  Additionally, many college students, 
who have grown accustomed to using calculators, may have forgotten their “times 
tables” and skills like long division, so they may be embarrassed and hampered by 
their lack of arithmetic fluency (Boylan, 2011).  This combination of loss of skill and 
embarrassment may serve as yet another cluster of negative math-related 
experiences, contributing to increasing math anxiety (Boylan, 2011).  
College students enrolled in developmental mathematics and math for 
elementary teacher courses tend to have the highest levels of math anxiety 
(Hembree 1990).  Because the next generation of elementary school teachers 
comes from this pool of students, negative attitudes and math anxiety may be 
carried with these new teachers to the next generation of primary school students, 
and the cycle begins again (Adams, 2012).  Multiple studies indicate that 
elementary school teachers and pre-service teacher candidates consistently report 
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higher levels of math anxiety than do adults in other careers (Hembree, 1990; 
Jameson and Fusco, 2014).  
Math anxiety and self-efficacy related to math may influence students’ 
choices about majors.  Hackett (1985) conducted a study of 117 undergraduate 
college students to model the relationships between self-efficacy related to math, 
gender, math preparation, math achievement, and choice of major.  Using path 
analysis the researcher concluded that math self-efficacy had a strong, direct effect 
on math anxiety.  In fact, math self-efficacy was a better predictor of math anxiety 
than was gender or prior high school experiences in math, consistent with self-
efficacy theory.  Gender was not found to significantly affect math achievement.  
The researchers confirmed their hypothesis that both math anxiety and math self-
efficacy were significant predictors of the choice of a math-related major.  
As adults age, math anxiety tends to increase and math self-efficacy tends to 
decrease (Jameson & Fusco, 2014).  For adult students returning to college, the 
amount of time that has passed since their last formal school contributes to a loss 
of math skill and foundational knowledge for college level math courses (Nolting as 
cited in Boylan, 2011).  This lapse can also contribute to increasing math anxiety 
(Nolting as cited in Boylan, 2011). 
 
Math Anxiety, Learning, and Achievement 
Math anxiety can have a negative impact on a student’s ability to learn math 
and to be successful in math courses, and this lack of success can contribute to 
increasing math anxiety (Andrews & Brown, 2015; Bai, 2011; Betz, 1978; Cates & 
Rhymer, 2003; Dweck, 1986; Hembree, 1990; Ma, 1999; Pekrun, Goetz, & Titz, 
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2002; Richardson & Suinn, 1972).  As a student’s math anxiety increases, so does 
his or her avoidance of math in educational settings (Hembreee, 1990).  Students 
who suffer from math anxiety may avoid studying math, procrastinate on 
homework, or skip class as short-term ways of avoiding their fears and the negative 
feelings they associate with math (Nolting, 2002).  Also, math anxiety can 
contribute to a student’s inability to remember the math they have already learned, 
resulting in poor performance on assessments, even when the student has learned 
the material well enough to be successful (Nolting, 2002).   
Outside of class, most college students may have rich daily experiences with 
math, although they may be unaware of the math skills they are already using 
successfully (Jameson & Fusco, 2014).  This means that math avoidance in classes 
may be linked to students’ perception that math in classes is separate and different 
from the math skills they commonly use in their daily lives, such as balancing their 
check books, calculating tips, and estimating budgets, bills, or paychecks (Andrews 
& Brown, 2015; Hembree, 1990)   
A wealth of research has been done that explores the relationships between 
math anxiety and academic achievement (Andrews & Brown, 2015; Bai, 2011; 
Betz, 1978; Cates & Rhymer, 2003; Dweck, 1986; Hembree, 1990; Ma, 1999; 
Pekrun, Goetz, & Titz, 2002; Richardson & Suinn, 1972).  A recent significant 
finding was provided by Andrews and Brown (2015) who conducted a study 
intended to explore the impact of two specific components of math anxiety.  These 
researchers assessed math anxiety related specifically to learning separately from 
and math anxiety related specifically to assessment.  The researchers surveyed 180 
college freshmen during college orientation to investigate the relationships between 
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both components of math anxiety, students’ standardized (ACT or SAT) math test 
scores, initial college math course placement, and final course grades.  Using 
correlational and frequency analyses, the researchers found a small to moderate 
negative correlation between students’ math anxiety related to learning and their 
standardized test scores.  The data also revealed a small negative correlation 
between math anxiety related to assessment and SAT scores.  However, there was 
no significant relationship between math anxiety related to assessment and the ACT 
test scores.  The results also suggested a small, negative correlation between math 
anxiety related to both learning and to assessment and the students’ first math 
course placement.  The researchers reported a negative relationship between math 
anxiety and students’ final course scores in pre-algebra, although no such 
relationship was found between math anxiety and students final course scores in 
College Algebra.  The researchers did report a small, positive relationship between 
math anxiety and students’ final course scores in higher level math courses.  This 
result provided an example of circumstances in which anxiety contributed to 
improved academic achievement.  
 
What Can Be Done to Reduce Math Anxiety? 
Thus far, the literature reviewed has described the development of math 
anxiety from early childhood through adulthood.  The research described in the 
literature seems to confirm that math anxiety typically adversely affects self-
efficacy, academic achievement, and choice of majors.  This review will now explore 
strategies for managing math anxiety.  Individual strategies may focus on 
psychology, therapeutic practices, and providing safe, carefully designed learning 
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environments.  Knowles’ work on the foundations of adult education and Bandura’s 
social cognitive learning theory provide the background for a discussion of some 
instructional strategies for supporting college students with math anxiety.  
 
Individual Strategies for Managing Math Anxiety 
Because negative attitudes and beliefs can create obstacles to learning, 
providing additional support to help students overcome these issues may be 
valuable.  Reducing a person’s deep seated and long standing math anxiety 
requires recognizing that math anxiety is an emotional reaction and not evidence of 
an inability to be successful in math (Tobias, 1991).  Nolting (2002) suggests that 
students create math autobiographies to explore the origins of their math anxiety 
and begin to understand their feelings.  Practicing long term relaxation techniques 
and eliminating negative self-talk by using positive affirmations are also powerful 
tools for overcoming math anxiety (Nolting, 2002).  Hembree (1990) found that 
students with math anxiety became less anxious when using desensitization 
therapy, relaxation methods, or other psychological techniques.  Anderson (1981) 
recommends that anxious students be given opportunities to face the situations 
that invoke their anxiety, but without the negative consequences that can 
accompany poor performances.  Assertiveness training has been used to help math 
anxious adults overcome their sense of powerlessness and inadequacy (Tobias, 
1991).  Zopp (1999) found that support groups had a positive impact on reducing 
math anxiety.  In addition, group sessions focusing on improving math study skills 
and foundational knowledge were powerful opportunities for adult students to work 
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together and heal the self-limiting beliefs that accompany math anxiety (Tobias, 
1991). 
The Math Anxiety Bill of Rights provides a means for helping anxious 
students reframe self-defeating beliefs and negative self-talk. 
Math Anxiety Bill of Rights 
 I have the right to learn at my own pace and not feel put down or stupid 
if I’m slower than someone else.  
 I have the right to ask whatever questions I have.  
 I have the right to need extra help.  
 I have the right to ask a teacher or a tutor for help.  
 I have the right to say I don’t understand.  
 I have the right not to understand.  
 I have the right to feel good about myself regardless, of my abilities in 
math.  
 I have the right not to base my self-worth on my math skills.  
 I have the right to view myself as capable of learning math.  
 I have the right to evaluate my math instructors and how they teach.  
 I have the right to relax.  
 I have the right to be treated as a competent adult.  
 I have the right to dislike math.   
 I have the right to define success in my own terms (Davis, S. as cited by 
Tobias, 1991, p. 93). 
Within academic settings, students who suffer from math anxiety are less 
likely to ask questions or to seek help when they need it (Nolting, 2002).  These 
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students may pretend to understand the material to avoid being called on or may 
disengage during class (Nolting, 2002).  Anxious students may need help learning 
the key study skills needed to be successful in math, including working on math 
daily, scanning assessments and answering “easy” questions first to build 
confidence, focusing on deep understanding rather than memorization, finding the 
best time of day to study, studying in groups, and pre-reading material prior to 
class (Zopp, 1999). 
Encouraging returning students to take developmental math courses prior to 
attempting college level math courses can help these students succeed by 
refreshing their skills, experiencing success, and strengthening their self-efficacy in 
mathematics (Jameson & Fusco, 2014).  Classes designed specifically for returning 
students helps create a safe, comfortable cohort of peers, and a class environment 
of mutual support and understanding (Jameson & Fusco, 2014).  In addition, 
returning students who take courses specifically designed for them may be more 
willing to take risks, ask questions, and look “foolish” in front of their peers 
(Safford, 2002, p. 252).   
 
Instructional Strategies for Managing Math Anxiety 
Within the college math classroom, instructors can use the foundations of 
adult educational practice to help students overcome math anxiety (Rodrigues, 
2012).  Knowles (as cited in Merriam & Bierema, 2014) describes the foundations of 
adult learning: 
 Adults tend to progress from being dependent to being self-directed. 
 Adults’ experiences are important resources for their learning. 
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 Adults’ social roles and developmental levels are related to their readiness 
to learn. 
 Adults’ approaches to learning are more application oriented than content 
oriented. 
 Adults tend to be more internally motivated than externally motivated. 
 Adults want to understand the reasons for learning a particular skill or 
topic. 
Building on these assumptions, Brown and Ulhde (2001) conducted a 
qualitative study of 42 graduate level, early childhood education students.  The goal 
of the study was to examine the impact of using adult education practices in 
graduate level math education courses.  The researchers concluded that the use of 
adult education instructional strategies is beneficial in helping adult students who 
have math anxiety to become more confident and competent.  Their findings 
included a list of best practices for helping adults learn math: 
 Remove the obstacles imposed by fear so that students can focus on the 
content; 
 Provide opportunities for students to become competent; 
 Improve student confidence through increased competence; 
 Support the development of deep and rich understandings of math 
processes; 
 Foster self-directed learning; and 
 Model positive attitudes toward math and math mistakes. 
Students who suffer from math anxiety benefit from a learning environment 
that is perceived by the learner to be safe, so that these past experiences and 
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perceptions can be healed (Brown & Ulhde, 2001).  Instructors need to ensure that 
math classes are learning environments in which students can ask questions freely 
and have those questions answered patiently and respectfully (Safford, 2002).  
Further, actively supporting students in experiencing the success may help them 
overcome past negative experiences and self-limiting beliefs related to math 
(Brown & Ulhde, 2001).   
In class, providing tutorials, incorporating small-group work, and allowing 
students to work at their own pace can help relieve math anxiety (Hembree, 1990, 
Zopp, 1999).  Active learning strategies in the classroom create positive, social 
learning experiences.  Incorporating problem-based and collaborative learning helps 
students gain a deeper understanding of math, thereby reducing anxiety (Safford, 
2002).  College students may be anxious about math in formal educational settings. 
Yet these same students are often highly competent and comfortable with math in 
daily life and on the job, so connecting content to students’ experiences provide 
opportunities for students to reframe their negative beliefs (Jameson & Fusco, 
2014).   
Instruction in college math courses should also include routine diagnosis of 
learning gaps, followed by integration of remedial learning with new content 
precisely when the remediation is needed, and therefore relevant to the learner 
(Cornell, 1999).  Competency based assessment and self-paced learning can be 
effective strategies for helping students succeed in learning mathematics because 
the increase in math anxiety triggered by normal testing is avoided (Fitzsimons & 
Godden, 2002).    
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Instructors who are enthusiastic, caring, and knowledgeable, and who model 
positive affect in relation to class work support students in developing similar traits 
(Anderson, 1981).  In addition, it is important that the instructor not only makes 
but also acknowledges his or her own math mistakes during class because this 
modeling can counteract the early experiences of shame and humiliation that 
contributed to the learner’s math anxiety (Williams, 1998, as cited in Brown & 
Ulhde, 2001).  Such modeling also provides vicarious learning opportunities as 
described by Bandura (1986) in the development of self-efficacy.   
Instructional Strategies for Improving Student Achievement 
Do not train children to learning by force and harshness,  
but direct them to it by what amuses their minds,  
so that you may be better able to discover with accuracy 
 the peculiar bent of the genius of each. 
~Plato 
 
In addition to examining the relationships of several student-level factors 
related to academic achievement, including hope, outcome expectation, and math 
anxiety, to academic achievement, this study also considered the impact of several 
classroom level factors.  These classroom level factors arise in the context of the 
instructional strategy that is the site of the research.  This review of literature will 
describe existing approaches that are related to the specific strategy in use in this 
study, including assessment strategies, retrieval practice, and mastery experiences.  
Two specific instructional strategies that are related to the strategy in this study will 
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also be described; Keller’s Personalized System of Instruction and Bloom’s Learning 
For Mastery. 
 
 
Assessment Strategies 
The difference between school and life? 
 In school, you’re taught a lesson and then given a test.  
In life, you’re given a test that teaches you a lesson. 
~Tom Bodett 
 
The use of assessment is certainly not new.  Socrates and Plato used “trial” 
tests with students at particular points to correct any difficulties the students had.  
Later, students were given evaluative tests for assessment of their learning 
(Brandt, 1979).  Formative assessment is done for the purpose of evaluating the 
process of learning and teaching, to ascertain what might be done better in regards 
to the teaching and learning processes (Black & William, 2003; Núñez-Peña, Bono, 
& Suárez-Pellicioni, 2015).  Summative assessment is used to provide evaluation at 
the end of a unit or course to provide certification of students’ level of competence 
or to assign grades (Black & William, 2003).  The distinction between formative and 
summative assessment lies in the purpose and not the form of the assessment.  
Depending on the purposes served, some assessments may be both formative and 
summative.   
However, summative assessment is not always indicative of learning, but of a 
student’s ability to learn well under certain circumstances or respond well to certain 
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forms of instruction or assessment (Brandt, 1979).  The National Council of 
Teachers of Mathematics (NCTM), asserts the value of formative assessment. 
Performance based assessments should be mandatory, not optional . . . 
Including multiple statewide assessments every year should be eliminated 
because they take too much time and are of limited value.  Investing in 
formative assessments (emphasis mine) at the school and classroom level 
provides better monitoring of student progress (Briars, 2015, p. 2). 
Núñez-Peña, Bono, and Suárez-Pellicioni (2015) studied the impact of 
prompt feedback and frequent formative assessments on achievement in a college 
level, psychology course.  The study involved 166 students at the University of 
Barcelona, Spain.  Math anxiety had been a significant source of student difficulties 
in this course in the past, so specific assignments were used as formative 
assessment.  Instructors provided prompt feedback in the form of guidance 
regarding the correct answers and the most common errors on these assignments 
during optional class meetings.  The researchers found that formative assessments 
combined with prompt feedback were positively correlated with reduced math 
anxiety.  They concluded that the formative assessments and feedback may have 
given highly math anxious students opportunities to become more confident and 
thereby improve their academic performance.  The conclusions drawn from this 
study appear to support Bandura’s social cognitive theory regarding personal 
(mastery) experiences as a means of increasing self-efficacy.  Several other 
researchers also found that student achievement was higher when tests and 
feedback were used in combination than when tests were given but no feedback 
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was provided (Agarwal, Karpicke, Kang, Roediger, & McDermott, 2008; Downs, 
2015). 
Downs (2015), conducted a review of literature that explored the impact of 
testing as a learning tool.  Downs suggested that research which “has been 
performed in laboratory, or quasi-laboratory, settings that may not represent the 
complex and nuanced nature of the classroom in which teachers wish to use testing 
and feedback” (p. 172).  In fact, findings from studies done in naturalistic settings 
may not support findings from similar laboratory based studies (Downs, 2015).  
Additional research into the efficacy of assessment as a means of supporting 
learning, and therefore achievement, in naturalistic settings is needed to provide 
contextually rich and meaningful findings for practitioners (Downs, 2015). 
 
The Retrieval Practice and the Testing Effect 
But the thing about remembering is that you don't forget.” 
~Tim O'Brien, in The Things They Carried 
 
 Foundational work in the area of retrieval was conducted by Edwina Abbott 
(1909) over a century ago.  Abbott found that learning was improved when 
focusing on the material was accompanied by practice in recalling that material.   
According to Karpicke (2012) practice in retrieving information from memory is 
actually part of the process of learning it.  “Furthermore, every time a person 
retrieves knowledge, that knowledge is changed, because retrieving knowledge 
improves one’s ability to retrieve it again in the future” (Karpicke, 2012, p. 158). 
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 The effectiveness of retrieval practice as a study method was compared with 
other methods of study including re-reading and concept mapping.  In two related 
studies by Karpicke and Blunt (2011) and Karpicke (2012), students who used 
retrieval practice had better recall than did students who used other study 
methods.  In addition, students who used repeated retrieval practice distributed 
over time outperformed students using any of the other methods including concept 
mapping, even on those assessments that involved concept mapping.  Results from 
other research that compared the common study techniques of summarizing, 
highlighting, mnemonics, imagery, rereading, distributed study, and retrieval 
practice, revealed that retrieval practice and distributed practice had the highest 
effectiveness as learning techniques (Dunlosky,  Rawson, Marsh, Nathan, & 
Willingham, 2013; Roediger, 2013). 
 Gronlund (1998) proposed that the primary purpose of assessment should be 
to support learning.  Roediger and Karpicke (2006) agreed, and explained the 
testing effect this way: “If students are tested on material and successfully recall or 
recognize it, they will remember it better in the future than if they had not been 
tested” (p. 249).  Practicing retrieving information through testing and not just 
through study was shown to have the largest positive impact on students’ long-
term retention of material (Einstein, Mullet, & Harrison, 2012; Karpicke & Roediger, 
2008; McDaniel, Anderson, Derbish, & Morrisette, 2007; Roediger & Karpicke, 
2006).  
In a study by Rohrer, Taylor, and Sholar (2010), two tests were administered 
to students one day after a learning session.  Students demonstrated improved 
performances on a final test following an initial test, particularly when the final test 
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required transfer of the information to novel questions.  Initial testing using 
multiple choice questions did not seem to trigger the positive effect of retrieval 
practice, perhaps because students had options for answering questions other than 
by retrieving the information from memory.  Thus far, this seems to be the only 
restriction on the usefulness of testing as a learning technique (McDaniel, 
Anderson, Derbish, & Morrisette, 2007; Rohrer, Taylor, & Sholar, 2010). 
 
Mastery Experiences 
Unless you try to do something beyond what you have already mastered, 
you will never grow. 
~Ralph Waldo Emerson 
 
Students learn best when instruction is provided in ways that align closely 
with their preferred learning styles (Lattuca & Stark, 2009).  Providing students 
with frequent opportunities to experience success in academic endeavors builds 
self-efficacy, improves motivation, elevates hope, and improves academic 
achievement (Anderson, 1981; Bandura 1977, 1986, 1994; Snyder, 2002).  Hyman 
and Cohen (1979) and Carroll (1963, 1989) developed related instructional 
philosophies that emphasized these mastery experiences.  Keller (Koen & Keller, 
1971) and Bloom (1986) designed specific instructional strategies that employ both 
mastery experiences and frequent use of formative assessment and feedback to 
improve student achievement. 
Hyman and Cohen (1979) describe seven key strategies to improve student 
involvement in their learning, and therefore in mastery.  
48 
 
 Mastery standards are defined in terms of clear behavioral objectives. 
 Instruction is geared directly toward the objectives. 
 Content and instruction are organized so that students are likely to 
succeed and thereby be encouraged. 
 Content is chunked into small units. 
 Instructional materials are selected carefully and purposefully to support 
optimal learning. 
 The learner’s progress is steadily reinforced and encouraged. 
 Immediate feedback is given to students. 
This approach to learning aligns with Bandura’s emphasis on mastery 
experiences as a means of improving a person’s self-efficacy (Bandura, 1986).  An 
emphasis on mastery experiences is a common theme between Carroll’s Model of 
School Learning (Carroll, 1989), Keller’s Personalized System of Instruction (Keller, 
1968), and Blooms’ Learning for Mastery (Bloom, 1968).   
 
Carroll’s Model of School Learning 
In education, there is a golden triangle of quantity, quality, and equity. 
You just can’t ignore one while strengthening the others. 
~Sitaram Yechury 
  
Underlying Carroll’s Model of School Learning is the fundamental belief that 
“we should seek mainly to achieve equality of opportunity for all students, but not 
necessarily equality of attainment” (Carroll, 1989, p. 30).  Carroll’s Model of School 
Learning emphasizes five factors that are foundational to education.  Carroll (1963) 
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defines aptitude as the amount a time a student needs to learn a particular unit of 
knowledge or skill, given optimal instruction for that student.  Aptitude is not the 
inherent ability of a student to learn.  Rather aptitude varies depending on the 
subject matter and the learner (Carroll, 1963).  The opportunity to learn, according 
to Carroll’s Model (Carroll, 1963) is the amount of time that is available for the 
learning to occur.  Students who are taught according to their individual learning 
needs can all learn at high levels, although different students need different 
amounts of time to learn different things (Brandt, 1979; Lattuca & Stark, 2009).  A 
student’s perseverance is the amount of time she or he is willing to spend 
attempting to learn a particular unit of knowledge or skill (Carroll, 1963).  Carroll 
(1963) describes the quality of instruction in terms of the optimal instructional 
environment for each specific student and each particular unit of knowledge or skill.  
A learner’s ability to understand includes his or her comprehension of what he or 
she needs to learn, his or her language ability, and his or her ability to learn the 
particular unit of knowledge or skill (Carroll, 1989).  
 
Keller’s Personalized System of Instruction 
The object of education is to prepare the young to educate 
 themselves throughout their lives. 
~Robert M. Hutchins 
 
In the 1960’s when Carroll’s Model of School Learning was published, an 
instructional strategy that emphasized similar factors was developed by Keller 
(1968).  Keller’s Personalized (or Proctorial) System of Instruction (PSI) is an 
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individualized instructional strategy that utilizes self-paced learning, which aligns 
with Carroll’s conceptualization of aptitude (Carroll, 1963; Keller, 1968).  PSI 
emphasizes immediate reinforcement of learning through the use of frequent, 
formative assessment at the end of each self-taught unit (Keller, 1968).  According 
to Koen and Keller (1971) the intention behind this strategy is to support students’ 
success behaviors by maximizing the rewards and minimizing the experiences that 
contribute to anxiety, disappointment, and frustration.  The material to be learned 
is divided into short units that students are expected to learn independently (Keller, 
1968).  When a student has completed a unit, she or he takes a formative 
assessment to determine if the material has been mastered well enough to move to 
the next unit (Keller, 1968).  The instructor’s role is primarily to provide motivation 
rather than to deliver the content (Keller, 1968; Koen & Keller, 1971).  Proctors 
review the students’ assessments, provide immediate feedback as to the results, 
engage the students in discussion, give students the opportunity to defend 
seemingly incorrect answers, and act as tutors (Keller, 1968; Koen & Keller, 1971).   
Creating learning units that are small enough for students to master readily 
is critical (Keller, 1968).  Providing students frequent opportunities to experience 
success and then move forward in the curriculum aligns well with Bandura’s 
philosophy regarding mastery experiences (Bandura, 1986; Koen & Keller, 1971).    
However, there are significant barriers to implementation of PSI.  Students’ 
self-pacing does not readily conform to academic calendars (Koen & Keller, 1971).  
Standard textbooks are not always easy to adapt for creating the requisite learning 
units (Koen & Keller, 1971).  The development of course materials, time for grading 
repeated assessments, and training and supervising of the proctors is more 
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demanding of instructors’ time and effort than more traditional instructional 
methods (Eyre, 2007).  Finally, assessing the effectiveness of the PSI strategy is 
also hampered by lack of uniformity in implementation, in that some instructors 
may use certain components of the strategy and not others, so controlling for these 
variations is difficult (Eyre, 2007).   
Currently, some of these obstacles of material and time involvement can be 
mitigated by the use of computers for assessment and unit development (Eyre, 
2007).  ALEKS and MyMathLab are two web-based systems that can be used 
specifically for students learning mathematics or statistics.  To accommodate the 
limitations imposed by a normal academic semester, instructors may set a schedule 
for progress through the course material or restrict the number of attempts 
students may make on assessments (Eyre, 2007).  
 
Bloom’s Learning for Mastery 
One child, one teacher, one book, & one pen 
can change the world. 
~Malala Yousafzai 
 
Carroll’s Model of School Learning provided a theoretical framework for the 
development of Bloom’s Learning For Mastery (LFM) pedagogical practice (Bloom, 
1968).  The name of this strategy was later shortened to Mastery Learning (ML).  
Because the research and development of this strategy occurs over nearly half a 
century, the original name will be used throughout this review to avoid confusion.   
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LFM, as described by Bloom (1968) is a group-based, collaborative learning 
strategy that focuses on assessable measures of mastery of the material.  Bloom 
(1968) articulated the additional goal of developing social intelligence and skill as 
the students work together to learn, a blend of behaviorist, cognitive, and 
sociocultural perspectives.  Bloom, like Bandura, understood learning as a social as 
well as cognitive process (Bloom, 1968, Bandura, 1986).   
Bloom’s  philosophy behind LFM is the belief that all children are capable of 
learning most of what they are taught, given the right circumstances, sufficient 
time to learn, and instruction provided in a way that supports their learning well 
(Bloom, 1968; Block & Burns, 1976).  LFM emphasizes giving students 
opportunities to develop positive academic self-efficacy because they know what 
material they are expected to learn and the level at which they are expected to 
master the material (Anderson, 1981).  LFM also provides clear pathways to 
learning and sufficient time for students to be successful (Anderson, 1981). 
Mastery, as defined by Bloom (1968, 1974), depends on five variables similar 
to those in Carroll’s Model for School Learning.  Aptitude is defined as the rate at 
which a student learns, not the inherent ability to learn, or the level of learning that 
can be achieved.  Aptitude is not fixed, but can be improved when the student is 
given the circumstances that best support her or his needs for optimal learning 
(Carroll, 1963; Bloom, 1968, 1974).  Quality of instruction measures how well the 
instructional approach matches the student’s needs.  Perseverance is the student’s 
ability to understand instruction, which is related to the amount of time he or she is 
willing to invest in learning.  Bloom, like Carroll and Keller, emphasizes that time 
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allowed for the learning is different for different students depending on the material 
to be learned, and is critical to mastery (Bloom, 1968, 1974). 
Bloom (1968) described the key elements of the LFM strategy:  
 The material to be learned is broken down into small units involving a 
specific number of ideas and concepts.  This serves to motivate students 
to dedicate the needed time and effort to learning.   
 Each small unit is followed by a formative evaluation, which reinforces 
what students have learned.  These assessments are designed to measure 
the extent to which a student has mastered the material and identify 
areas that have not yet been learned.  Instructors also use the formative 
assessments to identify aspects of their delivery of the material that could 
be modified to support better learning.  
 If a student demonstrates sufficient mastery, she or he begins the next 
unit.   
 If a student does not demonstrate sufficient mastery on the formative 
assessment he or she is given support, feedback or additional instruction 
as needed.  This often involves cooperative, small group study in which 
students not only learn the material together, but also gain social skill.  
This step in the LFM strategy is designed to improve students’ motivation 
and self-efficacy.   
 After additional instruction is provided, students are given a parallel 
assessment to the first formative assessment to ensure that the material 
has been sufficiently mastered.   
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 If the student still does not demonstrate mastery, further support, 
feedback, or additional instruction is given.   
 Only when the student demonstrates the desired level of mastery does 
she or he begin the next unit. 
Research indicates that students who are taught using the LFM strategy have 
significantly higher levels of school achievement than students who are taught with 
conventional methods, even when the same instructor and instructional materials 
are used (Bloom, 2003).  LFM has a positive impact not only on learning, but also 
on the students’ affect and self-efficacy.  Students taught using the LFM strategy 
tend to invest more time in active learning than non-mastery taught students 
(Bloom, 2003).  Anderson’s (1994) meta-analysis supports this finding.  In 60 
studies of LFM, 51 (85%) of these studies showed improved student affect, with 
effect sizes ranging from .10 to 1.33.   
Edjlali (1990) conducted a study to explore the impact of mastery learning 
strategies on students’ self-efficacy related to math, math anxiety, motivation to 
learn math, and math achievement.  The treatment group in the study consisted of 
14 college students taught using the LFM strategy taking a math course to prepare 
for taking the GED.  The control group, taught using conventional methods, 
consisted of 17 students in a taking a similar course.  The classes were taught by 
two different instructors using different textbooks, although the analysis did not 
appear to control for these differences.  The researcher tested for differences 
between mean scores for the two classes’ levels of self-efficacy, math anxiety, 
motivation, and achievement, using analysis of variance.  The results indicated that 
at the end of the course, students taught using the LFM strategy had greater 
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motivation and self-efficacy related to math, lower math anxiety, and higher levels 
of achievement, than did the students in the control group, who were taught using 
conventional methods. 
The strategies described in this section of the review of the literature share 
common themes and goals related to providing student-centered learning 
environments in which students can experience academic success and thereby  
increase their self-efficacy and motivation to learn, contributing to further success.  
These strategies all incorporate frequent feedback to students and employ 
formative assessments, embedding retrieval practice and the testing effect in the 
curriculum.  The theory behind these strategies has been highlighted and several 
studies that support the use of these strategies have been reported. 
Additional Research Related to Hope, Expectations,                                        
Math Anxiety, & Achievement 
If I have seen further it is by standing on the shoulders of giants. 
~Isaac Newton 
 
This section of the review of literature will present several research studies, 
most published within the last decade, that examined the relationships between two 
or more factors that affect academic achievement, including affect, hope, self-
efficacy, outcome expectation, math anxiety, and classroom or instructor qualities.  
This study sought to explore the complex and nuanced nature of these relationships 
as they impact student achievement and math anxiety in College Algebra. 
In comprehensive review of research, Pekrun, Goetz, and Titz (2002) 
reported that from 1974 to 1990, over 700 studies of 869 studies they reviewed 
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examined the relationships between anxiety, learning, and achievement.  During 
that same time, there were no studies that examined the links between hope and 
learning or achievement and only two of these studies considered hopelessness and 
learning or achievement.  The authors reported that from 1991 to 2000, of 645 
studies reviewed, hope was included as a variable in nine studies and hopelessness 
was included in 12 studies, while over 500 studies included anxiety, each in 
relationship to learning and academic achievement.  Hope was found to predict high 
levels of achievement in the studies reviewed.  The researchers suggest that hope 
leads to self-regulation which supports achievement, and self-regulation, in turn, 
contributes to hopefulness.  Self-efficacy related to academic achievement was also 
found to correlate positively with hope.  Finally, classroom conditions including 
teacher enthusiasm, cooperation, and a sense of belonging within the class were 
significantly related to students’ enjoyment of the class and hope for success 
(positive affect), or anxiety (negative affect).  Anxiety was found to contribute to 
low levels of achievement, which further contributed to anxiety in a negative 
causational cycle.  This review concluded with the recommendation that further 
analysis of these academic emotions might prove beneficial in designing learning 
environments because positive emotions related to academics can contribute to 
student learning and achievement.   
Kalaycioglu (2015) explored the relationship between math anxiety, self-
efficacy related to math, and math achievement in a study conducted with students 
in the U. S., England, Turkey, the Netherlands, Honk Kong, and Greece.  In all six 
countries, math self-efficacy was found to be the strongest predictor (positively 
associated) of math achievement.  In three of the countries: England, Hong Kong, 
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and the Netherlands, math anxiety was not a significant predictor of math 
achievement.  However, in the remaining three countries; the U. S., Turkey, and 
Greece, math anxiety and math achievement did have a statistically significant 
relationship.  The researcher suggests that further inquiry into learning strategies 
and achievement would be helpful in improving student achievement, particularly 
for students in the three countries in which achievement was low, the U. S., 
Turkey, and Greece. 
Kim, Park, and Cozart (2012) conducted a study of the relationship between 
self-efficacy, motivation, seven academic emotions (anger anxiety, boredom, 
enjoyment, hopelessness, pride, and shame), and achievement in online high 
school math courses to gain understanding as to why some students do well in this 
learning environment and others do not.  The authors acknowledged that online 
math courses provide additional challenges for students because of the lack of 
social support and isolation inherent in online learning.  Using a three level 
multilevel analysis, the researchers found that self-efficacy was a significant 
predictor of achievement at the individual level.  However, when academic 
emotions were added to the model, self-efficacy was no longer significant, while 
academic emotions accounted for 37% of the variance in achievement.  The 
authors suggested that the lack of student interaction with the instructor and with 
peers may have contributed to the lack of significance of self-efficacy in predicting 
achievement. 
Halawah (2011) conducted a study of 232 college students in the United Arab 
Emirates to identify motivational factors in student learning.  The researcher used 
exploratory factor analysis to evaluate the data.  The results indicated that teacher 
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enthusiasm, knowledge, positive attitude toward students, personality, and 
feedback were the most significant motivational factors.  The use of active learning 
strategies that stimulate curiosity and engagement was the second most significant 
factor in motivating students.  Classroom factors including an open, positive 
atmosphere, respect for student opinions and values, were also significant in 
motivating students. 
Meushke (2005) conducted a study of 396 college students, who were taking 
developmental math courses to assess the degree to which math self-efficacy, as 
well as student and classroom goal orientation influences achievement in math.  
Using structural equation modeling, the researcher found that self-efficacy, as well 
as student and classroom goal orientation predicted help seeking behaviors and 
achievement.  College students with low self-efficacy in relation to math were not 
likely to seek the help they needed and had lower levels of achievement than did 
students with high self-efficacy related to math.  The students in classrooms that 
emphasized performance goals (getting high grades) had lower achievement levels 
than did the students in classrooms that emphasized mastery goals (learning the 
material).  Similarly, students with mastery goals had higher levels of achievement 
than did students with performance goals. 
A similar study was conducted by Lavasani, Hejazi, and Varzaneh (2011).  A 
sample of 436 male high school students in Tehran was used to explore the 
relationships between math anxiety, classroom goal structure, math self-efficacy, 
and self-regulation.  Using path analysis, the researchers found that math anxiety is 
directly and negatively influenced by math self-efficacy.  In addition, the 
researchers found that classroom goal structures in high school math classes 
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negatively influence math anxiety directly and indirectly, mediated by math self-
efficacy and self-regulation.  Students in classrooms that valued performance goals 
or mastery goals showed positive correlations between the goal structure and math 
self-efficacy and strong negative correlations with math anxiety.  Conversely, 
students in classrooms in which the goal was to avoid demonstrating incompetence 
(performance avoidance) showed no significant relationship between goal structure 
and either math self-efficacy or math anxiety. 
Radišić, Videnović, & Baucal (2015) reported that research relating math 
anxiety to achievement has often relied on statistical analysis procedures that 
assume independence of observations.  Using these procedures when students are 
nested within classrooms or classrooms are nested within schools ignores the inter-
dependence that may result from students sharing a classroom, or instructors 
teaching multiple classes.  Instead, using analysis methods that account for this 
interdependence, such as multilevel modeling, may yield important insights into the 
impact of classroom conditions on math anxiety and achievement.  These 
researchers conducted a three level analysis of individual, classroom, and school 
level factors that contribute to math anxiety in Serbian schools.  The results 
indicated that 94% of the variation in students’ math anxiety scores was within 
schools.  Differentiation between student level and classroom level variability was 
not made because the data was not available.  The researchers concluded that 
math anxiety was a bigger obstacle to achievement in math than was lack of 
motivation. 
Petty and Wang (2013) conducted a study of U. S. high school students, 
using a three level model to test individual, teacher, and school level factors that 
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contribute to student achievement.  Among the relevant results were that the 
teacher’s expectations for the students and the teacher’s salary had significant 
predictive values for student achievement in mathematics.  The researchers 
inferred that the teacher’s salary may be a proxy for the teacher’s seniority and 
therefore, his or her level of experience.  
Summary 
This chapter is a review of literature describing theory and research that 
relates affect, hope, self-efficacy, outcome expectation, and math anxiety to 
academic achievement, in general, and mathematics achievement, specifically.  
Hope and outcome expectation appear to have a positive impact on achievement, 
and may help students overcome the negative impact of math anxiety.  In addition, 
instructional strategies which incorporate small units for learning, opportunities for 
students to experience success, frequent feedback, and formative assessment, and 
which have been shown to have a positive impact on student achievement, have 
been discussed.  Helping students increase hope and self-efficacy while overcoming 
the impact of math anxiety should help students make progress rather than 
continue to be hindered in learning mathematics (Andrews & Brown 2015; Bandura, 
1986, Snyder, 1991).  Instructor characteristics, classroom factors, and goals that 
emphasize learning rather than grades were also found to be significant 
contributors to academic achievement in the literature reviewed. 
This review of literature supports the exploration of the relationships between 
students’ hopes, expected outcomes, math anxiety, opportunities for success, 
formative assessment, and achievement in College Algebra within the context of 
the instructional strategy that is the site of this research.  The use of analysis 
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methods that control for interdependence of students within a class or the influence 
of the instructor is also supported by the literature in this review. 
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Chapter Three: Methods 
 
Multilevel modeling was used in this non-experimental, exploratory study to 
examine the relationships between students’ hopes, expected outcomes, math 
anxiety, use of second chances on assessments, and final course scores in College 
Algebra.  Existing literature supports the use of multilevel modeling because 
students sharing a classroom have common experiences and affect one another.  
Classroom level factors that were incorporated into the models included the 
instructor, and classroom averages of hopes, expectations, and math anxiety scores 
at the beginning of the course.  
The site of this study was the learning environment created by an 
instructional strategy called Jam, Quest, ReQuest (JQR).  The key elements of this 
strategy were: 
1. Course content was chunked into units that lasted two weeks. 
2. Formative assessments called Quests were given at the end of each unit. 
Each Quest was preceded by an active, student-led review session called 
a Jam. During a Jam, students posed questions for one another, asked for 
help, and reviewed key concepts with their peers.  The instructor, acting 
as a consultant and not the leader, was always available to help, if 
needed.  
3. Prompt feedback was given to students on each formative assessment. 
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4. Students were encouraged learn from their mistakes and fill knowledge 
gaps promptly. 
5. Second chances parallel assessments called ReQuests were offered for 
each Quest, covering the same content using different questions. 
6. Only the higher of the two formative assessment scores (the Quest and 
ReQuest scores) counted towards the computation of final course scores.  
Students were never penalized for trying again. 
Within this context, four research questions were addressed. 
Research Questions 
The four research questions examined in this research study were: 
1. What are the relationships between students’ final course scores in College 
Algebra and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the 
course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
2. What are the relationships between students’ total math anxiety scores at 
the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
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 positive affect related math anxiety scores at the beginning of the 
course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
3. What are the relationships between students’ positive affect related math 
anxiety scores at the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
4. What are the relationships between students’ negative affect related math 
anxiety scores at the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
Research Design 
This study used a non-experimental research design in which no independent 
variables were manipulated, individuals in the study were not randomly assigned to 
groups, and there were no control or treatments groups used for comparisons 
(Johnson & Christensen, 2012).  Instead, this research was observational in nature, 
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seeking to understand the relationships between independent and predictor 
variables observed in a naturalistic setting (Johnson & Christensen, 2012).  Because 
the focus of the research was on examining “what works” this study was framed in 
pragmatic philosophy (Crotty, 2013). 
Praxeology: Research Site  
Praxeology is the study of human action as purposeful behavior.  This 
approach to thinking about education and educational research raises questions 
about intentionality and reason: are we doing what we need to do to realize our 
intended outcomes (Biesta, 2015).  Here praxeology concerned the purposeful 
design of an instructional strategy intended to reduce math anxiety and improve 
student achievement.  This study is an investigation of how well the instructional 
strategy did what it was designed to do in a naturalistic setting—the College 
Algebra classroom. 
 
Instructional Strategy 
In an attempt to improve student achievement and reduce math anxiety in 
College Algebra an instructional strategy called Jam, Quest, ReQuest (JQR) was 
used at the University of South Florida St. Petersburg (Gibson-Dee, 2015).  The 
strategy was similar to Bloom’s Learning for Mastery, although responsibility for 
corrective instruction rested with the learner and both corrective instruction and 
parallel assessments occurred outside of class time.  
In the JQR strategy, the course content was chunked into two-week units 
which were intended to be easier for students to master than one or more chapters 
at a time.  Biweekly assessments called Quests, bigger than quizzes and smaller 
66 
 
than tests, covered only the preceding two weeks’ worth of material.  Quests were 
intended to help create a less stressful testing environment, reduce anxiety, and 
increase learning.  Open ended questions were carefully worded for clarity, and 
“trick” questions were never used.  The intention was not to “weed out” students by 
extending the content during assessment, but to check for understanding through 
the ability to use the concepts that had been taught.  The use of frequent 
assessments was meant to motivate students to engage with the material through 
homework and study on a frequent basis.  Because math content builds on material 
previously mastered, these frequent assessments were also intended to identify 
learning gaps promptly.  These gaps could then be addressed, before a student 
became hopelessly lost or fell behind.   
College Algebra students took a total of seven Quests, each of which 
consisted of approximately 10 questions.  Each Quest was worth 20 points (not 
100), and was designed to be completed by students in 35 to 40 minutes.  Even if 
the correct answer was not obtained, partial credit was awarded for correct work.  
Graded Quests were returned to students within two days, providing valuable, 
prompt feedback.  
Immediately prior to each Quest each class had a Jam session, a student-led, 
cooperative learning and review opportunity.  Students reaped the benefits of 
highly teachable moments as they worked with peers to clarify the material and 
gain confidence.  Jam sessions contributed to a safe learning environment where 
questions were welcome and confusion was accepted as part of the learning 
process.  Students posed questions for one another, asked for help, and reviewed 
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key concepts with their peers.  The instructor, acting as a consultant and not the 
leader, was always available to help, if needed. 
After each Quest, students had the two weeks before the next in class Quest 
to learn from their mistakes.  The class kept moving forward in the curriculum, 
while outside of class time students could study individually or in self-selected 
groups, using a variety of learning tools, consulting with peer tutors, or working 
with their instructors to master any material they still needed to learn.  Students 
could then take a ReQuest, a parallel assessment that embedded retrieval practice 
into the course curriculum.  Quests and ReQuests served both formative and 
summative functions.  ReQuests posed different questions that assessed the same 
key concepts as the corresponding Quest (Gibson-Dee, 2015).  ReQuests were 
taken in a proctored setting using MyMathLab, an online learning suite provided by 
Pearson Publishing in conjunction with the text being used in the course, College 
Algebra, 11th Edition by Lial, Hornsby, Schneider, and Daniels.  Students had the 
option of asking their instructors for paper copies of ReQuests if they believed that 
computer assessment would negatively impact their performance.  Paper ReQuests 
were hand graded by the instructors, a labor intensive endeavor for the faculty 
member.  However, this option may have been the valuable difference between 
success and failure for some students.  ReQuests taken on MyMathLab were graded 
immediately by MyMathLab.  Students saw their scores and could review their work  
immediately after completing the ReQuest or later, with their instructor.   
Even this means of assessment may have contributed to student stress, 
shame, disappointment, anger, fear, and anxiety.  These feelings could ultimately 
contribute to low motivation, poor learning strategies, and low student achievement 
68 
 
(Pekrun, Goetz, & Titz, 2002).  In an attempt to alleviate these feelings, only the 
higher of the Quest and ReQuest scores was used in computing student grades.  
There was no penalty for attempting a ReQuest, so there was no risk academically 
and low risk emotionally.  Students were reminded that “if at first you don’t 
succeed, try, try, again.”   
Figure 2 (see page 70) illustrates the instructional process, the students’ 
decision points, and the data collection points. The course in this study used seven 
instructional units, each of which included a Quest (formative assessment) and a 
ReQuest (second chance parallel assessment), as well as a common comprehensive 
final exam. 
 
College Algebra 
These College Algebra classes met for 50 minutes, four days a week, Monday 
through Thursday.  Class time was typically divided into two-week cycles of content 
delivery, emporium style homework or group activity time, and Quests as follows: 
Week A: 
Monday: Jam (10 minutes), Quest (40 minutes) 
Tuesday-Thursday: content delivery 
Week B: 
Monday-Wednesday: content delivery 
Thursday: emporium style lab, incorporating cooperative learning 
activities. 
This pattern repeated for the entire semester, with modifications as needed 
to accommodate holidays. 
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Course grades were the weighted average of homework (20%), Quests 
(60%) and a comprehensive final exam (20%).  Grades were not curved, no extra 
credit was available, and no credit was given for attendance.  Instructors 
emphasized that students earned their grades solely by mastering the material 
(mastery goal orientation).  The focus was always on learning as the means of 
being successful. 
Students enrolled in College Algebra at University of South Florida St. 
Petersburg by meeting any one of several criteria, including earning a grade of C or 
better in the pre-requisite Intermediate Algebra course or earning a score of at 
least  
 490 on the math portion of the SAT 
 21 on the math portion of the ACT  
 90 on the Elementary Algebra CPT  
 40 on the College-Level math CPT. 
Students may have taken the SAT or the ACT repeatedly and only the 
highest percentile score of all attempts was used by this institution.  Between 
attempts, student may have gotten specialized tutoring, taken test-preparation 
classes, or made use of other means to improve their scores.  As a result, students 
entered the course under a wide variety of conditions which may not have reflected 
their readiness to succeed in College Algebra. 
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Figure 2: Instructional Process and Data Collection Points 
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Instrumentation 
The research questions were concerned with both the positive affect and the 
negative affect related to math anxiety as separate factors, as well as overall math 
anxiety.  The Math Anxiety Survey-Revised (MAS-R) by Bai, Pan, Wang, and Frey 
(2009) was used because it provided the positive affect and negative affect 
subscores for overall math anxiety.  This bidimensional, self-reporting instrument 
was designed for use by a general adult population (Bai, Pan, Wang, & Frey, 2009). 
The MAS-R is a revision of the Mathematics Anxiety Scale (MAS) by Betz (1978), 
which is an adaptation of Mathematics Anxiety Rating Scale (MARS) created by 
Richardson and Suinn (1972).  The MARS consisted of 98 questions all related to 
negative affect components of math anxiety.  The MAS included both positive and 
negative affect related questions, but had some problems with construct validity 
(Bai, Wang, Pan, & Frey, 2009).  The MAS-R was designed with two specific goals: 
to capture both the positive and negative affect related components of math 
anxiety and to be brief enough to be useful while detailed enough to have high 
validity and reliability.  
The MAS-R consists of 14 statements using a five-point Likert-like scale for 
responses.  Responses for each item are coded as: 
1 = Strongly Disagree 
2 = Disagree 
3 = Neutral 
4 = Agree 
5= Strongly Agree 
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Eight of the statements on the MAS-R are aligned with negative affect related 
to mathematics.  The negative affect related math anxiety score, which ranges from 
eight to 40, is the sum of the responses to these statements.  High scores indicate 
higher levels of negative affect related math anxiety.  MAS-R items that are used to 
measure the negative affect related to math are: 
2. I get uptight during math tests. 
4. My mind goes blank and I am unable to think clearly when doing my math 
test. 
6. I worry about my ability to solve math problems.  
7. I get a sinking feeling when I try to do math problems.  
8. I find math challenging.  
9 Mathematics makes me feel nervous.  
11. Mathematics makes me feel uneasy.  
14. Mathematics makes me feel confused.  
The remaining six statements are aligned with positive affect related to 
mathematics.  The positive affect related math anxiety score, which ranges from six 
to 30, is the sum of these responses.  Higher scores indicate higher levels of 
positive affect related math anxiety.  MAS-R items that are used to measure the 
positive affect related to math are: 
1. I find math interesting.  
3. I think that I will use math in the future.  
5. Math relates to my life. 
10. I would like to take more math classes. 
12. Math is one of my favorite subjects. 
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13. I enjoy learning with mathematics. 
The total math anxiety score is the sum of the negative affect related 
responses and the reverse indexed, positive affect related responses.  Total math 
anxiety scores range from 14 to 70 with higher scores indicating higher levels of 
overall math anxiety.   
Construct validity is the extent to which the construct, in this case math 
anxiety, is measured accurately by the instrument (Johnson & Christensen, 2012).  
The positive affect related scores explain 67% to 87% of the variation in positive 
affect related to math anxiety, and the negative affect related scores explain 67% 
to 89% of the variation in negative affect related to math anxiety (Bai, Pan, Wang, 
& Frey, 2009).  Together the positive and negative affect related scores explain 
66.7% of the variation in the total math anxiety scores, indicating that the MAS-R is 
a valid measure of both components of math anxiety (Bai, Pan, Wang, & Frey, 
2009).   
Two measures of reliability are internal consistency and test-retest reliability.  
Internal consistency measures how consistently the construct, in this case math 
anxiety, is measured by the items on the survey (Johnson & Christensen, 2012).  
Consistency of scores, measured over repeated testing, is quantified by the test-
retest reliability (Johnson & Christensen, 2012).  The internal consistency of the 
MAS-R is .85, and the test-retest reliability is .71 (Bai, 2011).   
An additional measure of reliability is Cronbach’s alpha which measures the 
degree of relationship between the items on the instrument and the construct being 
assessed (Johnson & Christensen, 2012).  Cronbach’s alpha for the MAS-R was 
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found to be .91, indicating a strong relationship between the survey items and 
math anxiety (Bai, Pan, Wang, & Frey, 2009).   
Because the MAS-R was intended to assess both the positive and negative 
affect related components of math anxiety in adults with high reliability and 
validity, this instrument was an appropriate choice for this study. This was the only 
instrument used in this study, with a slight modification to the instrument when it 
was used on the first day of attendance.  In addition to the 14 items already 
discussed, students were asked to respond to two additional items:  
15. Using a number between 0% and 100% what final score do you hope to 
earn in this class?  
16. Using a number between 0% and 100% what final score you think you 
will earn in this class? 
A copy of the instrument as used on the first day of attendance is provided in 
Appendix A.  A copy of the instrument as used after completion of the final exam is 
provided in Appendix B. 
Variables 
The student level predictor variables for which data were collected on the 
first day of attendance in College Algebra were: 
 hope: the score (ranges from 0 to 100) students say they hope to earn in 
the course  
 expect: the score (ranges from 0 to 100) students say they think they will 
earn in the course 
 prepos: the positive affect related math anxiety scores (ranges from 6 to 
30)  
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 preneg: the negative affect related math anxiety scores (ranges from 8 to 
40 
The student level predictor variable for which data were collected at the end 
of the course was: 
 rqattempts: the number of second chance assessments (ReQuests) 
attempted (ranges from 0 to 7) 
The student level independent variables for which data were collected at the 
end of the course were: 
 score: the final course scores (ranges from 0 to 100) 
 posttot: the total math anxiety scores (ranges from 14 to 70) 
 postpos: the positive affect related math anxiety scores (ranges from 6 to 
30) 
 postneg: the negative affect related math anxiety scores (ranges from 8 
to 40) 
The classroom level predictor variables for which data were collected at the 
beginning of the course were: 
 avghope: the classroom average of hope 
 avgexpect: the classroom average of expect 
 avgprepos: the classroom average of prepos 
 avgpreneg: the classroom average of preneg 
 instr1: Instructor 1 of the course, set to 1 for classes taught by Instructor 
1, and set to 0 otherwise 
 instr2: Instructor 2 of the course, set to 1 for classes taught by Instructor 
2, and set to 0 otherwise 
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 instr3: Instructor 3 of the course, set to 1 for classes taught by Instructor 
3, and set to 0 otherwise 
 instr4: Instructor 4 of the course, set to 1 for classes taught by Instructor 
4, and set to 0 otherwise 
A total of 5 different instructors taught the classes in this study.  Instructor 0 
does not appear in the equations and serves as the reference instructor. 
Participants 
This study was conducted at University of South Florida St. Petersburg 
(USFSP).  USFSP is a separately accredited public institution, part of the University 
of South Florida regional system.  USFSP grants both bachelor’s and master’s 
degrees and has an undergraduate population of approximately 4,000 students 
(Fact Book 2014-2015).  Undergraduates work toward degrees in the College of 
Education, the College of Arts and Sciences (including biology, psychology and 
others), and the College of Business.  Student ethnicity for the 2014/2015 
academic year was 68% Caucasian, 15% Hispanic, 8% African American, 4% Asian, 
4% two or more races, 5% of the students came from abroad; 61% of the students 
were female, and 39% of the students were male (Fact Book 2014-2015).  
The population for this study consisted of similar students at similar 
institutions who take College Algebra in the course of their academic programs. 
The convenience sample for this study consisted of all students who completed 
College Algebra at USFSP in the Spring, 2015 (five classrooms numbered S1 
through S5) and Fall, 2015 (seven classrooms numbered F1 through F7) semesters.  
Classrooms were capped at 30 students each.  Each classroom was taught by an 
instructor, a visiting instructor, or an adjunct instructor.   Each instructor was 
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observed teaching on several occasions.  The researcher was one of these 
instructors.  No teaching assistants were involved in this course because of the 
small enrollment caps.  All students who completed the math anxiety survey both 
at the beginning of the course and following the final exam were included in the 
study. 
The faculty member coded as Instructor 0 was a full time instructor with 
more than 20 years of experience teaching math at the post-secondary level.  
Instructor 0 employed lecture and a moderate amount of active learning and 
student work in class.  The faculty member coded as Instructor 1 was a visiting 
instructor with 11 years of experience teaching math at the post-secondary level 
and 5 years of experience teaching math at the secondary level.  Instructor 1 
typically used lectures that incorporated the publisher’s power points which 
accompanied the text.  The faculty member coded as Instructor 2 was an adjunct 
instructor with five years of experience teaching math at the post-secondary level 
and six years of experience teaching math at the secondary level.  Instructor 2 
lectured, presented the text book examples on the board, and did not typically 
extend instruction beyond the material as it was provided in the text.  The faculty 
member coded as Instructor 3 was a full time instructor with more than 10 years of 
experience teaching math at the post-secondary level.  Instructor 3 relied heavily 
on mini-lecture, original power points, active learning, connections to everyday life, 
as well as group and student work in class.  The faculty member coded as 
Instructor 4 was an adjunct instructor with 2 years of experience teaching math at 
the post-secondary level.  Prior to teaching, this faculty member taught statistics in 
the business sector.  Instructor 4 also relied heavily on mini-lecture, original power 
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points, active learning, connections to everyday life, as well as group and student 
work in class. 
Data Collection 
Each classroom instructor administered the MAS-R to all students on their 
first day of attendance in College Algebra.  In addition to responding to the MAS-R 
statements, students were asked to provide the scores they hoped to earn in the 
class and the scores they thought they would earn in the class using numbers from 
zero to 100.  Students were reassured by their instructor that responses on this 
survey would not impact their grades.  Students completed the MAS-R again 
immediately following submission of their final examinations for the course.  All 
completed surveys were delivered to the researcher.  
 The number of ReQuests attempted and students’ final course scores were 
stored in and collected by the researcher directly from instructors’ online grade 
books in MyMathLab, the web-based learning support tool used in these classes.  All 
data were gathered as part of the normal course of business for the institutional 
Quality Enhancement Plan (QEP).  The researcher was the QEP Director. 
Table 1 provides a summary of the student level and classroom level 
variables used in answering each research question, as well as the sources for the 
collection of data for each variable. 
Data Analysis 
The data for this research were entered into an Excel workbook and 
inspected for accuracy and completeness.  Data for all students who completed the  
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Table 1: Alignment of Research Questions, Variables, and Data Sources 
 
Research Question Level 1 Variables Source
1. What are the relationships between students’ final course scores 
in College Algebra and the
score Instructor's gradebook on MyMathLab 
scores students say they hope to earn in this course; hope First Day, with MAS-R
scores students say they think they will earn in this course; expect First Day, with MAS-R
positive affect related math anxiety scores at the beginning of the course; prepos First Day, MAS-R
negative affect related math anxiety scores at the beginning of the course; 
and the
preneg First Day, MAS-R
number of second chance assessments taken during the course. rqattempts Instructor's gradebook on MyMathLab 
Classroom Factors Level 2 Variables
classroom average of scores student hope to earn avghope First Day, with MAS-R
classroom average of scores  students think they will earn avgexpect First Day, with MAS-R
classroom average of positive affect realted math anxiety scores at the 
beginning of the course
avgprepos First Day, MAS-R
classroom average of negative affect realted math anxiety scores at the 
beginning of the course
avgpreneg First Day, MAS-R
instructor's name instr1, instr2, instr3, instr4 Instructor's gradebook on MyMathLab 
2. What are the relationships between students’ total math anxiety 
scores at the end of the College Algebra course and the
posttot Final Day, MAS-R
scores students say they hope to earn in this course; hope First Day, with MAS-R
scores students say they think they will earn in this course; expect First Day, with MAS-R
positive affect related math anxiety scores at the beginning of the course; prepos First Day, MAS-R
negative affect related math anxiety scores at the beginning of the course; 
and the
preneg First Day, MAS-R
number of second chance assessments taken during the course. rqattempts Instructor's gradebook on MyMathLab 
Classroom Factors Level 2 Variables
classroom average of scores student hope to earn avghope First Day, with MAS-R
classroom average of scores  students think they will earn avgexpect First Day, with MAS-R
classroom average of positive affect realted math anxiety scores at the 
beginning of the course
avgprepos First Day, MAS-R
classroom average of negative affect realted math anxiety scores at the 
beginning of the course
avgpreneg First Day, MAS-R
instructor's name instr1, instr2, instr3, instr4 Instructor's gradebook on MyMathLab 
3. What are the relationships between students’ positive affect 
related math anxiety scores at the end of the College Algebra course 
and the
postpos Final Day, MAS-R
scores students say they hope to earn in this course; hope First Day, with MAS-R
scores students say they think they will earn in this course; expect First Day, with MAS-R
positive affect related math anxiety scores at the beginning of the course; prepos First Day, MAS-R
number of second chance assessments taken during the course. rqattempts Instructor's gradebook on MyMathLab 
Classroom Factors Level 2 Variables
classroom average of scores student hope to earn avghope First Day, with MAS-R
classroom average of scores  students think they will earn avgexpect First Day, with MAS-R
classroom average of positive affect realted math anxiety scores at the 
beginning of the course
avgprepos First Day, MAS-R
instructor's name instr1, instr2, instr3, instr4 Instructor's gradebook on MyMathLab 
4. What are the relationships between students’ negative affect 
related math anxiety scores at the end of the College Algebra course 
and the
postneg Final Day, MAS-R
scores students say they hope to earn in this course; hope First Day, with MAS-R
scores students say they think they will earn in this course; expect First Day, with MAS-R
negative affect related math anxiety scores at the beginning of the course; 
and the
preneg First Day, MAS-R
number of second chance assessments taken during the course. rqattempts Instructor's gradebook on MyMathLab 
Classroom Factors Level 2 Variables
classroom average of scores student hope to earn avghope First Day, with MAS-R
classroom average of scores  students think they will earn avgexpect First Day, with MAS-R
classroom average of negative affect realted math anxiety scores at the 
beginning of the course
avgpreneg First Day, MAS-R
instructor's name instr1, instr2, instr3, instr4 Instructor's gradebook on MyMathLab 
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MAS-R at both the beginning of the course and after the final examination were 
included.  The data were then accessed by SAS 9.4 for analysis.  
Data values that are very different, either higher or lower, than the rest of 
the data are called outliers (Stevens, 2009).  The data were inspected for univariate 
and multivariate outliers.   
Descriptive summary statistics provide a general view of the characteristics 
of the data (Johnson & Christensen, 2012).  The descriptive statistics provided in 
this study were the mean, standard deviation, skewness, kurtosis, minimum, and 
maximum.  These values were computed for all student level variables and for all 
numerical classroom level variables.   
Correlational analysis provides a measure of the strength and direction of the 
relationship between variables (Johnson & Christensen, 2012).  This study included 
correlational analysis to identify the interrelationships, if any, between variables at 
the student level and also at the classroom level. 
Multilevel modeling (MLM) was used to address each of the research 
questions.  MLM is used to analyze relationships between variables for data that are 
nested in groups, as students are nested in classrooms (Ferron et al., 2008).  This 
nesting contributes to a violation of the independence of observations required for 
linear regression analysis which can lead to misleading results (Nezlek, 2008).  MLM 
provides a statistical means of controlling for this interrelatedness of observations 
(Ferron et al., 2008; Stevens, 2009).  MLM is also useful for estimating the effect of 
variables across the nested groups, called cross-level interactions (Nezlek, 2008).  
In the context of this study, for example, the interactions between the number of 
second chance assessments taken by a student in a classroom and the instructor, 
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the classroom averages of the scores students hoped to earn, scores students 
expected to earn, and initial classroom averages of the math anxiety subscores 
were tested for significance when predicting students’ final course scores. 
The two-level models implied by each research question were estimated.   
The unconditional model is a linear model for the independent variable that uses no 
predictor variables (Stevens, 2009).  This model serves as a baseline for 
comparison only and provides parameter values needed to compute the intraclass 
correlation coefficient (ICC), which measures the proportion of variance in the 
independent variable in each question that is due to differences between 
classrooms and differences within classrooms (Ferron et al., 2008; Stevens, 2009).  
The ICC for the models corresponding to each research question was reported. 
The Level 1 equations are linear models of the relationships between the 
independent variables (final course score, total post-course math anxiety score, 
post-course positive affect related math anxiety score, and post-course negative 
affect related math anxiety score, respectively) and the student level predictor 
variables.  Level 1 equations also contain a residual term to account for variation 
between observations. 
Level 2 equations are linear models that expand the Level 1 equations by 
including classroom level predictor variables.  By entering Level 2 variables into the 
model, interactions between predictors at Level 1 and Level 2 can also be 
estimated.  All Level 2 equations contain residual terms, allowing all variables to 
vary and covary freely.  
All fixed (slopes & intercepts) and random effects in the models were 
estimated and tested for significance.  Confidence intervals for the slopes and 
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intercepts were constructed.  The effects of predictors and any interactions among 
predictors on the independent variables were evaluated.  
The assumptions for MLM were checked.  These assumptions are: 
 Residuals are independent, 
 Residuals are normally distributed, 
 Residuals have common variance (Ferron et al., 2008). 
When using MLM, data values may be centered by one of several methods.  
In this study, hope, expect, prepos, and preneg were group mean centered by 
subtracting the corresponding classroom average value from each student’s data 
value.  By using group mean centering, the models were normed for the average 
student values within each classroom (Ferron et al., 2008). 
For Instructor 0, the default instructor, the values of the instr1, instr2, instr3 
and instr4 variables were set to 0.  For Instructor 1, instr1 was set to 1 and values 
of the instr2, instnr3, and instr4 variables were set to 0, and so on.  In this way, 
the potential impact of the teaching faculty was incorporated into the models.  
Additionally, because some faculty members taught more than one section of the 
course, this coding allowed for discernment of classroom level effects while 
controlling for the instructor. 
Multilevel Model Specification 
The complete MLM for each research question, consisting of the unconditional 
model, the Level 1 equation, and Level 2 equations, are described in this section.  
Detailed explanations for the fixed and random parameters to be estimated are 
included in the discussion for research question 1.  Analogous explanations are 
understood for the remaining research questions. 
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Research Question 1 
What are the relationships between students’ final course scores in College Algebra 
and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
 
Unconditional Model 
This model has no predictors of students’ final course scores in College 
Algebra other than the average of all students’ final course scores in College 
Algebra in each classroom. 
 
scoreij = β0j + rij 
β0j = γ00 + uij 
 
The use of the subscript ij refers to the ith student in the jth classroom. 
 β0j refers to the mean final course score of all students in the jth 
classroom. 
 rij is the residual associated with the ith student in the jth classroom that 
accounts for differences in final course scores. 
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 γ00 is the expected final course score for an average student in an 
average classroom. 
 uij is the individual residual for the ith student in the jth classroom that is 
associated with β0j. 
 
Level 1 Equation 
Student level predictors of final course scores in College Algebra are entered 
into the model at Level 1. 
 
scoreij = β0j+β1jhopeij+β2jexpectij+β3jpreposij+β4jprenegij+β5jrqattemptsij+rij 
 
In this linear equation, β0j is the mean final course score of all students in the 
jth classroom.  Each additional β represents the slope of the prediction line for 
students’ final course scores that is associated with the corresponding predictor 
variable, or the relationship between the associated predictor variable and the final 
course score.  For example, β1j indicates the influence of the hoped-for score of the 
ith student in the jth classroom (hopeij). 
 
Level 2 Equations 
At Level 2, the possible effects of classroom level conditions are entered into 
the model.  The Level 2 equations are: 
 
β0j = γ00+γ01 avghope+γ02 avgexpect+γ03 avgprepos+γ04 avgpreneg+γ05 instr1+γ06 
instr2+γ07 instr3+γ08 instr4+u0j 
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β1j = γ10+ u1j  
β2j = γ20+ u2j 
β3j = γ30+ u3 
 β4j = γ40+ u4j 
β5j = γ50+γ51 avghope+γ52 avgexpect+γ53 avgprepos+γ54 avgpreneg+γ55 instr1+γ56 
instr2+γ57 instr3+γ58 instr4+u5j 
 
Β0j, the intercept (average final course score) of the Level 1 equation, is 
expressed in Level 2 in terms of the possible influences of each classroom’s 
averages for hope, expect, prepos, preneg, the (dummy coded) instructor teaching 
in the classroom and a residual, u0j. 
γ00 is the predicted mean final course score across all classrooms for a 
student with average hope, expect, prepos, and preneg values in a classroom 
taught by Instructor 0. 
Each of the slopes γ01, γ02, γ03, and γ04 represent the average slope (the 
relationship between the predictor variable and the final course score) across all 
classrooms for the associated variable (Stevens, 2009).   
β1j, β2j, β3j and β4j from Level 1 are each modeled in the Level 2 equations as 
the corresponding overall slope (γ10, γ20, γ30, and γ40, respectively) plus a classroom 
level residual term. 
The entry of β5j into the model creates interaction terms between the number 
of ReQuests taken by a student and avghope, avgexpect, avgprepos, avgpreneg, 
and the course instructor.  This allows the possible relationships between the 
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classroom level predictors and the number of ReQuests a student attempts to be 
estimated. 
γ50, γ51, γ52, γ53, and γ54 reflect the relationships of the associated classroom 
predictors with the Level 1 predictor rqattempts.  These estimates signify the 
relative impact of the associated classroom averages on the number of ReQuests a 
student in the classroom attempts. 
γ55, γ56, γ57, and γ58 capture the relationship between the classroom instructor 
(relative to Instructor 0) and the number of ReQuests that a student in the 
classroom attempts.  
Each Level 2 equation also contains a corresponding residual term, allowing 
the variables to vary and covary freely. 
To address each research question, all fixed effects (all of the the γij) were 
estimated and tested for significance.  Confidence intervals were constructed for 
each fixed effect.  To examine the variation in scores across and between 
classrooms, the variance components (rij and all uij) were estimated and tested for 
significance. 
 
Research Question 2 
What are the relationships between students’ total math anxiety scores at the end 
of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the course; 
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 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
Unconditional Model 
This model has no predictors of students’ total math anxiety scores at the 
end of College Algebra other than the average of all students’ total math anxiety 
scores at the end of College Algebra in each classroom. 
 
posttotij = β0j + rij 
β0j = γ00 + uij 
 
Level 1 Equation 
Student level predictors of students’ total math anxiety scores at the end of 
College Algebra are entered into the model at Level 1. 
 
posttotij = β0j+β1jhopeij+β2jexpectij+β3jpreposij+β4jprenegij+β5jrqattemptsij+rij 
 
Level 2 Equations 
At Level 2, the possible effects of classroom level conditions are entered into 
the model.  The Level 2 equations are: 
 
β0j = γ00+γ01 avghope+γ02 avgexpect+γ03 avgprepos+γ04 avgpreneg+γ05 instr1+γ06 
instr2+γ07 instr3+γ08 instr4+u0j 
β1j = γ10+ u1j 
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β2j = γ20+ u2j 
β3j = γ30+ u3j 
β4j = γ40+ u4j 
β5j = γ50+γ51 avghope+γ52 avgexpect+γ53 avgprepos+γ54 avgpreneg+ γ55 instr1+γ56 
instr2+γ57 instr3+γ58 instr4+u5j 
 
γ50, γ51, γ52, γ53, and γ54 reflect the relationships of the associated classroom 
predictors with the Level 1 predictor rqattempts.  These estimates signify the 
relative impact of the associated classroom averages on the number of ReQuests a 
student in the classroom attempts. 
γ55, γ56, γ57, and γ58 capture the relationship between the classroom instructor 
(relative to Instructor 0) and the number of ReQuests that a student in the 
classroom attempts.  
Each Level 2 equation also contains a corresponding residual term, allowing 
the variables to vary and covary freely. 
To address each research question, all fixed effects (all of the the γij) were 
estimated and tested for significance.  Confidence intervals were constructed for 
each fixed effect.  To examine the variation in scores across and between 
classrooms, the variance components (rij and all uij) were estimated and tested for 
significance. 
 
Research Question 3 
What are the relationships between students’ positive affect related math anxiety 
scores at the end of the College Algebra course and the 
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 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the course; 
and the 
 number of second chance assessments taken during the course? 
 
Unconditional Model 
This model has no predictors of students’ positive affect related math anxiety 
scores at the end of College Algebra other than the average of all students’ positive 
affect related math anxiety scores at the end of College Algebra in each classroom. 
 
postposij = β0j + rij 
β0j = γ00 + uij 
 
Level 1 Equation 
Student level predictors of students’ positive affect related math anxiety 
scores at the end of College Algebra are entered into the model at Level 1. 
 
postposij = β0j+β1jhopeij+β2jexpectij+β3jpreposij+β4jrqattemptsij+rij 
 
Level 2 Equations 
At Level 2, the possible effects of classroom level conditions are entered into 
the model.  The Level 2 equations are: 
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β0j = γ00+γ01 avghope+γ02 avgexpect+γ03 avgprepos +γ04 instr1+γ05 instr2+γ06 instr3 
+ γ07 instr4 + u0j 
β1j = γ10+ u1j 
β2j = γ20+ u2j 
β3j = γ30+ u3j 
β4j = γ40+γ41 avghope+γ42 avgexpect+γ43 avgprepos+γ44 instr1+γ45 instr2+γ46 
instr3+γ47 instr4+u5j 
 
γ40, γ41, γ42, and γ43 reflect the relationships of the associated classroom 
predictors with the Level 1 predictor rqattempts.  These estimates signify the 
relative impact of the associated classroom averages on the number of ReQuests a 
student in the classroom attempts. 
γ44, γ45, γ46, and γ47 capture the relationship between the classroom instructor 
(relative to Instructor 0) and the number of ReQuests that a student in the 
classroom attempts.  
Each Level 2 equation also contains a corresponding residual term, allowing 
the variables to vary and covary freely. 
To address each research question, all fixed effects (all of the the γij) were 
estimated and tested for significance.  Confidence intervals were constructed for 
each fixed effect.  To examine the variation in scores across and between 
classrooms, the variance components (rij and all uij) were estimated and tested for 
significance. 
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Research Question 4 
What are the relationships between students’ negative affect related math anxiety 
scores at the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
 
Unconditional Model 
This model has no predictors of students’ negative affect related math 
anxiety scores at the end of College Algebra other than the average of all students’ 
negative affect related math anxiety scores at the end of College Algebra in each 
classroom. 
 
postnegij = β0j + rij 
 β0j = γ00 + uij 
 
Level 1 Equation 
Student level predictors of students’ negative affect related math anxiety 
scores at the end of the College Algebra course are entered into the model at Level 
1. 
 
postnegij = β0j+β1jhopeij+β2jexpectij+β3jprenegij+β4jrqattemptsij+rij 
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Level 2 Equations 
At Level 2, the possible effects of classroom level conditions are entered into 
the model.  The Level 2 equations are: 
 
β0j = γ00+γ01 avghope+γ02 avgexpect+γ03 avgpreneg +γ04 instr1+γ05 instr2+γ06 instr3 
+ γ07 instr4 + u0j 
β1j = γ10+ u1j 
β2j = γ20+ u2j 
β3j = γ30+ u3j 
β4j = γ40+γ41 avghope+γ42 avgexpect+γ43 avgpreneg + γ44 instr1+γ45 instr2+γ46 
instr3+γ47 instr4+u5j 
 
γ40, γ41, γ42, and γ43 reflect the relationships of the associated classroom 
predictors with the Level 1 predictor rqattempts.  These estimates signify the 
relative impact of the associated classroom averages on the number of ReQuests a 
student in the classroom attempts. 
γ44, γ45, γ46, and γ47 capture the relationship between the classroom instructor 
(relative to Instructor 0) and the number of ReQuests that a student in the 
classroom attempts.  
Each Level 2 equation also contains a corresponding residual term, allowing 
the variables to vary and covary freely. 
To address each research question, all fixed effects (all of the the γij) were 
estimated and tested for significance.  Confidence intervals were constructed for 
each fixed effect.  To examine the variation in scores across and between 
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classrooms, the variance components (rij and all uij) were estimated and tested for 
significance. 
Summary 
The design of this study, including a detailed explanation of the learning 
strategy which provided the environment that was the site of the research was 
described in this chapter.  The instrumentation, variables, participants, and means 
of collecting the data were explained.  The choice of multilevel modeling as the 
assessment method was justified based on the nested quality of the data.  The 
chapter closed with a detailed explanation of the models and parameters to be used 
in addressing each of the four research questions. 
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Chapter Four: Results 
 
The purpose of this study was to examine the relationships between 
students’ hopes, expectations, use of second chances on assessments, math 
anxiety (positive and negative affect components), and final course scores in 
College Algebra.  This chapter contains the detailed results for the data analysis 
undertaken to address the research questions.  Item analysis for the MAS-R survey 
responses from the beginning and end of the course are summarized.  The 
descriptive statistics for student and classroom level quantitative variables are also 
provided.  This chapter includes the results of a correlational analysis used to 
identify the interrelationships between variables.  Finally, the results of estimating 
the multilevel models associated with each research question are detailed.   
The research questions addressed by this study were: 
1. What are the relationships between students’ final course scores in College 
Algebra and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the 
course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
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2. What are the relationships between students’ total math anxiety scores at 
the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the 
course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
3. What are the relationships between students’ positive affect related math 
anxiety scores at the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
4. What are the relationships between students’ negative affect related math 
anxiety scores at the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
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The student level predictor variables for which data were collected on the 
first day of attendance in College Algebra were: 
 hope: the score (ranges from 0 to 100) students say they hope to earn in 
the course  
 expect: the score (ranges from 0 to 100) students say they think they will 
earn in the course 
 prepos: the positive affect related math anxiety scores (ranges from 6 to 
30)  
 preneg: the negative affect related math anxiety scores (ranges from 8 to 
40 
The student level predictor variable for which data were collected at the end 
of the course was: 
 rqattempts: the number of second chance assessments (ReQuests) 
attempted (ranges from 0 to 7) 
The student level independent variables for which data were collected at the 
end of the course were: 
 score: the final course scores (ranges from 0 to 100) 
 posttot: the total math anxiety scores (ranges from 14 to 70) 
 postpos: the positive affect related math anxiety scores (ranges from 6 to 
30) 
 postneg: the negative affect related math anxiety scores (ranges from 8 
to 40) 
The classroom level predictor variables for which data were collected at the 
beginning of the course were: 
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 avghope: the classroom average of hope 
 avgexpect: the classroom average of expect 
 avgprepos: the classroom average of prepos 
 avgpreneg: the classroom average of preneg 
 instr1: Instructor 1 of the course, set to 1 for classes taught by Instructor 
1, and set to 0 otherwise 
 instr2: Instructor 2 of the course, set to 1 for classes taught by Instructor 
2, and set to 0 otherwise 
 instr3: Instructor 3 of the course, set to 1 for classes taught by Instructor 
3, and set to 0 otherwise 
 instr4: Instructor 4 of the course, set to 1 for classes taught by Instructor 
4, and set to 0 otherwise 
A total of 5 different instructors taught the classes in this study, so Instructor 
0 did not appear in the equations and served as the reference instructor. 
 
Sample Summary 
Data for this study were collected from all sections of College Algebra taught 
at USFSP in the Spring and Fall 2015 semesters.  The classrooms which met in the 
Spring 2015 semester are labelled S1 through S5; classrooms which met in the Fall 
2015 semester were labelled F1 through F7.  Grade distributions and pass rates for 
all students are provided in Table 2 (see page 99).  Two hundred twenty two (67%) 
of the 329 students who were given grades in College Algebra passed with a grade 
of C or better.  Fifty-eight percent of the students taking the course in the spring 
and 73% of the students taking the course in the fall passed.  Chi-Squared Tests of 
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Independence were conducted to assess differences in pass rates between 
classrooms and between instructors.  Higher pass rates were found in classrooms 
S1, S2, S3, F6, and F7, χ2(11)=23.49, p=0.02.  Results of a Cell Chi-Squared 
analysis revealed that Instructors 0, 3, and 4 had higher pass rates than did 
Instructors 1 and 2, χ2(4)=11.50, p=0.02.   
Missing data may contribute to biases in model estimates, loss of statistical 
power, and inaccurate confidence intervals (Soley-Bori, 2013).  According to the 
Social Science Computing Cooperative Knowledge Base (2013), if there is no 
pattern to the values that are missing and only a small percentage of data values 
are missing, then listwise deletion may be used (Soley-Bori, 2013 ).   
A summary of information regarding students for whom data were available 
is provided in Table 3 (see page 100).  A total of 342 students were enrolled in 
College Algebra across all 12 sections of the course in this study.  Of these 
students, 329 completed the course and were given a letter grade, according to the 
institutional registrar.  Of the 329 students who completed the course, 216 
completed both the pre-course and post-course MAS-R.  However, two of these 
students did not provide responses for the questions regarding the score they 
hoped to earn and the score they thought they would earn in College Algebra.  
Because these two students represented less than 1% of the total sample, their 
data were not included in the analyses.  The response rate based on the number of 
students who completed the course (329) and both surveys (214) was 65%.  
A comparison of the pass rates for all students in the course and for only 
those students included in this study is provided Figure 3 (see page 101).   
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Table 2: Final Pass Rates and Course Grades For Population (Relative Frequency) 
Classroom Instr N Pass Rate 
Grade Issued 
A B C D F W Other 
S1 0 19 9 (.47) 2 (.11) 3 (.16) 4 (.21) 4 (.21) 3 (.16) 2 (.11) 1 (.05) 
S2 0 22 11 (.50) 1 (.05) 2 (.09) 8 (.36) 5 (.23) 4 (.18) 2 (.09) 0 
S3 0 29 14 (.48) 1 (.03) 6 (.21) 7 (.24) 1 (.03) 6 (.21) 6 (.21) 2 (.07) 
S4 1 29 20 (.69) 4 (.14) 9 (.31) 7 (.24) 4 (.14) 3 (.10) 2 (.07) 0 
S5 2 22 16 (.73) 2 (.09) 9 (.41) 5 (.23) 1 (.05) 2 (.09) 3 (.14) 0 
F1 0 30 20 (.67) 2 (.07) 7 (.23) 11 (.37) 4 (.13) 4 (.13) 1 (.03) 1 (.03) 
F2 0 30 22 (.73) 5 (.17) 11 (.37) 6 (.20) 0 5 (.17) 3 (.10) 0 
F3 2 32 18 (.56) 1 (.03) 9 (.28) 8 (.25) 4 (.13) 7 (.22) 3 (.09) 0 
F4 0 30 21 (.70) 4 (.13) 9 (.30) 8 (.27) 2 (.07) 3 (.10) 4 (.13) 0 
F5 2 27 21 (.78) 3 (.11) 8 (.30) 10 (.37) 0 5 (.19) 1 (.04) 0 
F6 3 31 26 (.84) 6 (.19) 10 (.32) 10 (.32) 1 (.03) 2 (.06) 2 (.06) 0 
F7 4 28 24 (.86) 5 (.18) 9 (.32) 10 (.36) 2 (.07) 2 (.07) 0 0 
Grand Total 
 
329 222 (.67) 36 (.11) 92 (.28) 94 (.29) 28 (.09) 46 (.14) 29 (.09) 4 (.01) 
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Table 3: Disposition of Data Collected 
Classroom 
ID Instructor 
Initial 
Enrollment 
Completed 
Course 
Included 
in study 
Missing 
Pre-
Course 
MAS-R 
Post-
Course 
MAS-R Other 
S1 0 20 19 11 0 9 0 
S2 0 23 22 13 1 9 0 
S3 0 30 29 14 1 15 0 
S4 1 31 29 19 2 9 1 
S5 2 21 22 11 3 7 0 
F1 0 30 30 17 2 11 0 
F2 0 31 30 21 2 7 0 
F3 2 28 32 16 3 8 1 
F4 0 34 30 23 3 8 0 
F5 2 30 27 17 3 10 0 
F6 4 31 31 28 0 3 0 
F7 5 33 28 24 3 6 0 
Totals 
 
342 329 214 23 102 2 
 
Two hundred twenty two (67%) of all of the students taking College Algebra in the 
Fall and Spring 2015 semesters passed the course.  However, 205 (96%) of the 
214 sampled students passed the course during these semesters.  In each 
classroom, a higher pass rate was observed among the students who were included 
in the study than was observed within the classroom as a whole.  Differences 
between the students included in the study and those not included must be taken 
into account when interpreting the results. 
Reliability 
The reliability of the MAS-R instrument was evaluated using Cronbach’s alpha 
and item total correlation.  Cronbach’s alpha measures the degree of relationship 
between the items on the instrument and the construct being measured (Johnson & 
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Figure 3: Comparison of Pass Rates, Sample Versus Population 
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Christensen, 2012).  Cronbach’s alpha was 0.86 for the positive affect math anxiety 
subscore, 0.92 for the negative affect math anxiety subscore, and 0.91 for the total 
math anxiety score.  These results indicate a high degree of reliability and are 
consistent with the results found by Bai (2011) and Bai, Pan, Wang, and Frey 
(2009).   
Item total correlation measures the correlation between each item in the 
survey and the total score or related subscore (Bai, 2011).  The positive affect 
related MAS-R items are: 
1. I find math interesting. 
3. I think that I will use math in the future.  
5. Math relates to my life.  
10. I would like to take more math classes.  
12. Math is one of my favorite subjects.  
13. I enjoy learning with mathematics. 
The item total correlation between the positive affect math anxiety subscale 
and the value of alpha that would have been obtained if the item were deleted are 
displayed in Table 4.  While items 3 (I think that I will use math in the future) and 5 
(Math relates to my life) had lower correlation with the total, all items measured 
this construct consistently within this subscale. 
The negative affect related MAS-R items are: 
2. I get uptight during math tests.  
4. My mind goes blank and I am unable to think clearly when doing my math 
test. 
6. I worry about my ability to solve math problems.  
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7. I get a sinking feeling when I try to do math problems.  
8. I find math challenging.  
9. Mathematics makes me feel nervous.  
11. Mathematics makes me feel uneasy. 
14. Mathematics makes me feel confused.  
The item total correlation for the negative affect subscale and the value of 
alpha that would have been obtained if the item were deleted are provided in Table 
5.  Correlation with the total negative affect subscore ranged from 0.67 to 0.82.  All 
values of alpha exceeded 0.90, indicating that all items measured this construct 
consistently within this subscale. 
Table 4: Positive Affect Math Anxiety Subscore Reliability, n=428 
Item Correlation With Total Alpha 
1 0.70 0.84 
3 0.52 0.86 
5 0.56 0.86 
1 0.70 0.83 
12 0.72 0.83 
13 0.77 0.82 
 
Table 5: Negative Affect Math Anxiety Subscore Reliability, n=428 
Item Correlation With Total Alpha 
2 0.67 0.92 
4 0.73 0.92 
6 0.78 0.92 
7 0.80 0.91 
8 0.67 0.92 
9 0.82 0.91 
11 0.82 0.91 
14 0.75 0.92 
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MAS-R Item Analysis 
Students completed the MAS-R on their first day of attendance in College 
Algebra and again following completion of the final exam.  Responses were 
tabulated using data reduction, combining the positive responses (strongly agree/ 
agree) into one category and the negative responses (strongly disagree/ disagree) 
into another category (Onwuegbuzie & Teddlie, 2003).  The numbers and relative 
frequencies of students’ responses to each MAS-R item on the first day of 
attendance (pre-course) and following the final exam (post-course) are presented 
in Table 6.  Increases in the number of students agreeing with positive affect 
related items 3 (I think I will use math in the future), 10 (I would like to take more 
math classes) and 13 (I enjoy learning mathematics) were noted.  More students 
disagreed or strongly disagreed with every negative affect related item at the end 
of the course than did at the beginning, indicating reductions in the negative affect 
math anxiety related responses: 
 Nineteen (9%) more students agreed or strongly agreed with item 10 (I 
would like to take more math classes) at the end of the course than did at 
the beginning of the course.   
 Eighteen (9%) more students disagreed or strongly disagreed with item 4 
(My mind goes blank and I am unable to think clearly when doing my 
math test) after completing the course than did prior to the course.   
 Twenty-seven (13%) fewer students indicated that they worried about 
their ability to solve math problems (item 6) at the end of the course than 
did at the beginning.   
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 There was a 9% (20 students) increase in the number of students who 
disagreed with item 11 (Math makes me feel uneasy) following completion 
of the course.   
 Twenty-two (10%) more students disagreed with item 14 (Mathematics 
makes me feel confused) at the end of the course than did at the 
beginning. 
Classroom level item analyses of students’ responses to the MAS-R are 
provided in Appendix C. 
 
Table 6: MAS-R Item Analysis, n=214 (relative frequency) 
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 39 (.18) 60 (.28) 115 (.54) 
 
32 (.15) 68 (.32) 114 (.53) 
3 10 (.05) 33 (.15) 171 (.80) 
 
18 (.08) 22 (.10) 174 (.81) 
5 37 (.17) 82 (.38) 95 (.44) 
 
44 (.21) 74 (.35) 96 (.45) 
10 83 (.39) 79 (.37) 52 (.24) 
 
76 (.36) 67 (.31) 71 (.33) 
12 99 (.46) 49 (.23) 66 (.31) 
 
101 (.47) 49 (.23) 64 (.30) 
13 47 (.22) 83 (.39) 84 (.39) 
 
46 (.21) 75 (.35) 93 (.43) 
Negative Affect 
2 48 (.22) 54 (.25) 112 (.52) 
 
58 (.27) 63 (.29) 93 (.43) 
4 84 (.39) 63 (.29) 67 (.31) 
 
102 (.48) 58 (.27) 54 (.25) 
6 60 (.28) 64 (.30) 90 (.42) 
 
87 (.41) 49 (.23) 78 (.36) 
7 106 (.50) 60 (.28) 48 (.22) 
 
123 (.57) 46 (.21) 45 (.21) 
8 32 (.15) 67 (.31) 115 (.54) 
 
36 (.17) 72 (.34) 106 (.50) 
9 76 (.36) 69 (.32) 69 (.32) 
 
89 (.42) 62 (.29) 63 (.29) 
11 90 (.42) 70 (.33) 54 (.25) 
 
110 (.51) 53 (.25) 51 (.24) 
14 75 (.35) 65 (.30) 74 .35)   97 (.45) 53 (.25) 64 (.30) 
 
106 
 
 
Summary Statistics 
Aggregate summary statistics for all student level variables are detailed in 
Table 7.  Students’ final course scores in this study ranged from 21.4 to 96.7 out of 
a possible 100, with a mean of 77.78.  The distribution of these scores deviated 
slightly from normality, was skewed to the left, and appeared to be mildly 
leptokurtic.  The mean scores within classrooms ranged from 71.7 (classroom S2) 
to 81.1 (classroom F6).  The final course scores students hoped to earn in College 
Algebra ranged from 80 to 100 with a mean of 93 (out of 100).  The scores 
students expected to earn scores ranged from 60 to 100 with a mean of 86 (out of 
100).  Within classrooms, the average scores students hoped to earn ranged from 
90.77 (classroom S2) to 96.29 (classroom F5).   Classroom averages for the scores 
students expected to earn ranged from 81.21 (classroom S3) to 90.68 (classroom 
F5).  Both rqattempts and score appeared to deviate slightly from normality.  In 
particular, score had a slightly leptokurtic distribution, and was skewed to the left. 
Two possible outliers were identified, one student in classroom F1 and one 
student in classroom F3.  Both of these students completed the MAS-R at the 
beginning and end of the course and took the final exam.  However, both of these 
students completed less than half of the homework and took fewer than half of the 
Quests.  Fit indices for the multilevel models were higher when these students’ 
values were included.  All estimates and summary statistics included these 
students’ values.  
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Table 7: Summary Statistics for Level 1 and Level 2 Variables 
Variable Mean SD Skewness Kurtosis Min Max 
Level 1 (n=214) 
hope 93.10 5.45 -0.54 -0.12 80 100 
expect 86.03 6.98 -0.40 0.20 60 100 
prepos 19.58 4.93 -0.24 -0.12 6 30 
preneg 24.35 7.00 -0.07 -0.49 8 40 
pretot 40.77 10.13 0.01 -0.52 15 64 
rqattempts 1.15 1.35 1.31 1.48 0 6 
score 77.78 11.43 -1.59 4.85 21.4 96.74 
postpos 19.87 5.15 -0.20 -0.46 6 30 
postneg 23.14 7.40 0.15 -0.63 8 40 
posttot 39.27 10.58 0.10 -0.52 14 66 
Level 2 (n=12) 
avghope 93.05 1.75 .053 -.96 90.77  96.29  
avgexpect 85.29 2.94 -.28 -.61 81.21 90.68 
avgprepos 20.01 1.57 1.05 1.41 17.5 20.94 
avgpreneg 24.57 2.05 -.35 -.39 20.29 27.81 
 
Classroom Level Summary Statistics 
Because analysis for each research question examined both student level and 
classroom level variables, disaggregated summary statistics for all student level 
variables were computed by classroom.  
 
Classrooms Taught By Instructor 0 
Instructor 0 was a full time instructor with more than 20 years of experience 
teaching math at the post-secondary level.  Instructor 0 taught using lecture, a 
moderate amount of active learning, and student work in class.  Instructor 0 taught 
classrooms S1, S2, S3, F1, F2, and F4.   
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Summary statistics for student level variables in classroom S1 are shown in 
Table 8.  Two variables, expect and rqattemts, having skewness of -1.15 and 1.62 
and kurtosis of 1.58 and 2.78, respectively, may not be normally distributed.  
Students in this classroom took at most five of the seven available ReQuests.   
Summary statistics for student level variables in classroom S2 are given in 
Table 9.  No deviations from normality were noted.  Students in this classroom took 
a maximum of four of the available seven ReQuests. 
Summary statistics for student level variables for classroom S3 are provided 
in Table 10.  The variable hope had kurtosis 3.66, score had skewness -1.35 and 
kurtosis 1.75, and posttot had skewness -1.19 and kurtosis .96, indicating possible 
minor deviations from normality for each of these variables.  Students took at most 
three of the seven available ReQuests. 
 
Table 8: Classroom S1 Summary Statistics, n=11 
Variable Mean SD Skewness Kurtosis Min Max 
hope 92.18 4.05 0.24 0.43 85 100 
expect 85.36 6.74 -1.15 1.58 70 94 
prepos 19.82 5.90 0.37 -0.75 12 30 
preneg 24.27 9.96 0.11 -0.81 9 40 
pretot 40.45 15.46 -0.16 -0.86 15 62 
rqattempts 1.36 1.50 1.62 2.78 0 5 
score 78.09 9.48 -0.12 -1.03 62.2 92.0 
postpos 20.45 4.13 0.58 -0.51 15 28 
postneg 22.36 6.64 0.25 -0.15 11 34 
posttot 37.91 9.91 -0.51 -0.50 19 51 
 
Summary statistics for student level variables in classroom F1 are displayed 
in Table 11.  Variables hope (kurtosis = -1.23) and expect (kurtosis = -1.16) may 
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deviate slightly from normality.  Students’ final course scores (score) range from 
21.4 to 90.0 and have kurtosis -2.53 and skewness 8.178, indicating possible 
deviation from normality.  The lowest value of score is a possible outlier.  Students 
took at most four of the seven available ReQuests. 
 
Table 9: Classroom S2 Summary Statistics, n=13 
Variable Mean SD Skewness Kurtosis Min Max 
hope 90.77 7.60 -0.30 -1.27 80 100 
expect 85.19 7.39 -0.50 -0.25 70 95 
prepos 20.38 6.09 -0.08 -0.93 10 29 
preneg 25.23 6.46 -0.85 0.53 11 34 
pretot 40.85 10.49 -0.49 0.01 20 57 
rqattempts 1.23 1.36 0.68 -0.58 0 4 
score 70.72 10.25 0.18 0.75 51.3 92.0 
postpos 20.00 5.94 -0.24 -0.75 10 29 
postneg 24.15 7.05 -0.07 -1.45 14 34 
posttot 40.15 12.22 0.11 -0.93 22 59 
 
Table 10: Classroom S3 Summary Statistics, n=14 
Variable Mean SD Skewness Kurtosis Min Max 
hope 90.89 3.75 0.40 3.66 83 100 
expect 81.21 4.35 0.33 -0.37 75 90 
prepos 17.50 4.31 0.15 0.43 9 26 
preneg 27.36 6.54 -0.61 -0.43 14 36 
pretot 45.86 9.45 -0.62 -0.96 28 57 
rqattempts 1.07 0.92 0.54 -0.15 0 3 
score 76.44 8.53 -1.35 1.74 55.4 86 
postpos 18.29 5.72 0.87 -0.39 12 30 
postneg 24.50 7.83 -0.55 -0.12 8 35 
posttot 42.21 11.94 -1.19 0.96 14 56 
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Table 11: Classroom F1 Summary Statistics, n=17 
Variable Mean SD Skewness Kurtosis Min Max 
hope 95.82 4.33 -0.50 -1.23 88 100 
expect 87.91 4.99 -0.24 -1.16 80 95 
prepos 20.76 4.16 -0.17 -0.51 13 28 
preneg 20.29 6.00 -0.08 -0.93 10 29 
pretot 35.53 8.85 0.34 -1.05 23 51 
rqattempts 1.35 1.11 0.73 0.52 0 4 
score 74.07 15.70 -2.53 8.17 21.4 90.9 
postpos 19.65 5.68 0.27 -0.72 10 30 
postneg 20.35 8.43 0.37 -1.07 9 36 
posttot 36.71 12.85 -0.01 -1.56 18 56 
 
Summary statistics for student level variables in classroom F2 are displayed 
in Table 12.  Only students’ final course scores (score) exhibit possible deviation 
from normality, with skewness -1.96 and kurtosis 3.61.  The variable score ranges 
from 43.4 to 90.4.  The lowest value of score is a possible outlier.  Students in 
classroom F2 took at most two of the available seven ReQuests. 
 
Table 12: Classroom F2 Summary Statistics, n=21    
Variable Mean SD Skewness Kurtosis Min Max 
hope 92.40 4.87 0.44 -0.94 85 100 
expect 84.81 5.95 0.81 0.86 75 100 
prepos 18.48 4.68 -0.26 0.51 8 28 
preneg 27.81 6.38 -0.29 -0.84 15 37 
pretot 45.33 9.05 -0.20 0.07 25 61 
rqattempts 0.43 0.60 1.08 0.35 0 2 
score 79.43 13.03 -1.96 3.61 43.4 90.4 
postpos 17.33 5.14 0.17 -0.68 10 27 
postneg 24.38 8.54 0.06 -0.68 10 40 
posttot 43.05 11.94 0.30 -0.26 20 66 
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Summary statistics for student level variables for classroom F4 are presented 
in Table 13.  Students took an average of one ReQuest  and attempted at most five 
of the seven available ReQuests.  Only rqattempts exhibits possible deviation from 
a normal distribution with skewness 1.56 and kurtosis 1.67.  Students in this 
classroom took at most five of the seven available ReQuests. 
 
Table 13: Classroom F4 Summary Statistics, n=23 
Variable Mean SD Skewness Kurtosis Min Max 
hope 93.65 3.69 0.01 -0.35 86 100 
expect 86.46 6.70 -0.44 0.03 70 98 
prepos 19.17 4.88 -0.89 0.38 8 26 
preneg 23.13 7.69 -0.21 -0.56 8 38 
pretot 39.96 11.47 0.23 -0.28 19 64 
rqattempts 1.09 1.56 1.56 1.67 0 5 
score 79.14 9.75 -0.74 0.64 55.1 94.6 
postpos 18.30 5.07 -0.45 -0.44 9 27 
postneg 22.57 8.30 0.52 -0.89 9 38 
posttot 40.26 11.29 0.64 -0.73 26 65 
 
Classroom Taught By Instructor 1 
Instructor 1 was a visiting instructor with 11 years of experience teaching 
math at the post-secondary level and 5 years of experience teaching math at the 
secondary level.  Instructor 1 lectured, incorporating the publisher’s power points 
that accompany the text.  Instructor 1 taught classroom S4 in the Spring 2015 
semester.   
Summary statistics for student level variables in classroom S4 are detailed in 
Table 14.  The variable prepos had skewness -.99 and kurtosis 1.42 indicating a 
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possible minor variation from normality.  Students in this class took at most three 
of the seven available ReQuests.   
 
Table 14: Classroom S4 Summary Statistics, n=19 
Variable Mean SD Skewness Kurtosis Min Max 
hope 95.53 3.51 -0.39 0.15 88 100 
expect 88.39 5.47 -0.60 -0.12 78 98 
prepos 19.16 4.86 -0.99 1.42 6 25 
preneg 22.53 5.92 -0.10 -0.41 10 32 
pretot 39.37 9.23 0.53 -0.92 28 58 
rqattempts 0.89 1.15 0.96 -0.54 0 3 
score 79.47 10.74 -0.32 -0.69 61.4 96.7 
postpos 20.53 4.60 -0.83 0.25 10 27 
postneg 20.84 6.91 0.41 -0.77 11 35 
posttot 36.32 8.95 -0.04 -1.33 23 49 
 
Classrooms Taught By Instructor 2 
Instructor 2 was an adjunct instructor with five years of experience teaching 
math at the post-secondary level and six years of experience teaching math at the 
secondary level.  Instructor 2 lectured, presented the text book examples on the 
board, and did not typically extend instruction beyond the material as it was 
provided in the text.  Instructor 2 taught classrooms S5, F3, and F5. 
The summary statistics for student level variables in classroom S5 are 
presented in Table 15.  Possible deviations from normality are seen in hope 
(kurtosis = -1.54), expect (skewness = -1.27, kurtosis = 1.26), pretot  
(kurtosis = -1.20), and rqattempts (skewness = 1.27, kurtosis = 1.42).  Students 
took an average of 1.91 ReQuests. 
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Table 15: Classroom S5 Summary Statistics, n=11 
Variable Mean SD Skewness Kurtosis Min Max 
hope 91.36 7.89 -0.29 -1.54 80 100 
expect 86.91 7.50 -1.27 1.26 70 95 
prepos 19.73 5.44 0.04 0.43 10 30 
preneg 22.82 5.65 0.33 0.38 13 33 
pretot 39.09 7.03 0.13 -1.20 30 50 
rqattempts 1.91 1.81 1.27 1.42 0 6 
score 80.45 9.20 -0.60 0.55 61.7 94.1 
postpos 20.00 6.12 -0.22 0.60 8 30 
postneg 24.00 6.65 0.19 0.20 12 35 
posttot 40.00 10.22 0.45 3.28 20 63 
 
Summary statistics for student level variables for classroom F3 are listed in 
Table 16.  Variables rqattempts, (skewness = 1.55, kurtosis = 2.28) and score 
(skewness = -1.61, kurtosis = 3.20) appear to deviate slightly from normality.  On 
average students took fewer than one ReQuest per student.  The low value for 
score of 22.1 may be an outlier. 
 
Table 16: Classroom F3 Summary Statistics, n=16    
Variable Mean SD Skewness Kurtosis Min Max 
hope 91.56 7.23 -0.48 -0.94 80 100 
expect 86.31 8.39 -0.23 -0.72 70 100 
prepos 18.50 5.09 -0.38 -0.64 9 26 
preneg 24.13 6.85 0.80 1.01 12 40 
pretot 41.63 10.55 0.28 -0.13 23 61 
rqattempts 0.63 0.89 1.55 2.28 0 3 
score 71.22 17.63 -1.61 3.20 22.1 92.0 
postpos 19.38 4.16 -0.13 -0.27 11 26 
postneg 24.13 7.24 0.27 -0.56 12 37 
posttot 40.75 10.27 0.18 -0.78 26 61 
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Summary statistics for student level variables for classroom F5 are listed in 
Table 17.  The variable score may deviate slightly from normality, having skewness 
-1.50 and kurtosis 4.55.  Students in this classroom took at most three of the 
seven available ReQuests. 
 
Table 17: Classroom F5 Summary Statistics, n=17    
Variable Mean SD Skewness Kurtosis Min Max 
hope 96.29 3.58 -0.36 -1.00 90 100 
expect 90.68 4.45 -0.76 0.51 80 97 
prepos 20.94 5.17 0.13 -0.98 13 30 
preneg 22.06 5.53 -0.90 0.64 10 29 
pretot 37.12 8.72 -0.39 0.65 17 50 
rqattempts 0.94 1.03 0.52 -1.18 0 3 
score 79.78 10.11 -1.50 4.55 49.6 96.2 
postpos 21.94 5.32 -0.60 -0.05 10 29 
postneg 23.06 6.82 0.14 -0.05 10 37 
posttot 37.12 10.79 0.00 -0.98 19 54 
 
Classroom Taught By Instructor 3 
Instructor 3 was a full time instructor with more than 10 years of experience 
teaching math at the post-secondary level.   Instructor 3 relied heavily on mini-
lecture, original power points, active learning, connections to everyday life, as well 
as group and student work in class.  Instructor 3 taught classroom F6 in the Fall 
2015 semester.   
Summary statistics for student level variables for classroom F6 are detailed 
in Table 18.  The data for all student level variables appear to be normally 
distributed.  Students took an average of two ReQuests. 
 
115 
 
 
Table 18: Classroom F6 Summary Statistics, n=28 
Variable Mean SD Skewness Kurtosis Min Max 
hope 93.27 5.48 -0.31 -0.47 80 100 
expect 87.21 8.20 0.06 -1.15 75 100 
prepos 20.36 5.05 -0.44 0.13 8 29 
preneg 25.54 6.49 0.15 -0.68 15 39 
pretot 41.18 9.96 0.27 -1.02 27 60 
rqattempts 2.04 1.79 0.52 -0.57 0 6 
score 81.12 8.79 -0.66 1.12 56.0 94.1 
postpos 21.86 4.08 -0.21 -0.05 12 29 
postneg 23.86 6.69 0.23 0.07 10 40 
posttot 38.00 9.06 -0.04 -0.99 20 53 
 
Classroom Taught By Instructor 4 
Instructor 4 was an adjunct instructor with two years of experience teaching 
math at the post-secondary level.  Prior to teaching, this faculty member taught 
statistics in the industrial sector.  Instructor 4 relied heavily on mini-lecture, 
original power points, active learning, connections to everyday life, as well as group 
and student work in class.  Instructor 4 taught classroom F7 in the Fall 2015 
semester.   
Summary statistics for student level variables for classroom F7 are displayed 
in Table 19.  The only variable with possible deviation from normality was expect 
(skewness = -1.27, kurtosis = 2.16).  Students attempted at most four of the 
seven available ReQuests.  
 
 
 
 
116 
 
 
Table 19: Classroom F7 Summary Statistics, n=24    
Variable Mean SD Skewness Kurtosis Min Max 
hope 91.65 6.17 -0.37 -0.28 80 100 
expect 81.83 7.40 -1.27 2.16 60 93 
prepos 19.92 4.58 -0.49 1.46 8 30 
preneg 25.71 7.98 -0.43 -0.68 10 39 
pretot 41.79 9.30 -0.39 -0.16 21 57 
rqattempts 0.92 1.18 1.22 0.71 0 4 
score 78.63 8.76 -0.43 -0.27 58.7 92.4 
postpos 20.29 5.43 -0.57 0.68 6 29 
postneg 23.54 7.58 0.06 0.45 8 40 
posttot 39.25 9.00 0.14 -0.43 24 58 
 
Correlation Analysis 
The Pearson Product Moment Correlation Coefficients between the variables 
in this study are displayed in Table 20.  Students’ final course scores (score) were 
significantly positively correlated with expect, prepos, postpos, and negatively 
correlated with postneg, and posttot.  Final course scores were not significantly 
correlated with the instructor, the number of ReQuests attempted, precourse 
negative affect math anxiety or any classroom (Level 2) variables.   
The numbers of ReQuests attempted (rqattempts) were significantly, 
positively correlated with preneg, postneg and posttot, indicating that students’ 
choices to make use of ReQuests was related to their negative affect related math 
anxiety.  Additionally, rqattempts was positively correlated with Instructor 3.   
Students’ post-course total math anxiety was positively correlated with 
preneg and rqattempts but negatively correlated with score, hope, expect, and 
prepos.  At the classroom level, posttot was negatively correlated with avghope and 
avgprepos.    
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The post-course positive affect related math anxiety score, postpos, was 
positively correlated with hope, expect, prepos, and score, and negatively 
correlated with preneg, postneg, posttot.  Inspection of the classroom level 
variables reveals that postpos is positively correlated with avgprepos and Instructor 
3, but negatively correlated with Instructor 0.   
The post-course negative affect related math anxiety score, postneg, was 
positively correlated with preneg, rqattempts, and posttot, and negatively 
correlated with hope, expect, prepos, postpose, and score.  No significant 
correlations between postneg and classroom level variables were found. 
Multilevel Model Estimation 
Multilevel modeling is used to analyze relationships between variables for 
data that are nested in groups, such as students who are nested in classrooms 
(Ferron et al., 2008).  The data used in this study consisted of students within 
classrooms, sharing classroom experiences, which may have contributed to a 
possible violation of independence of observations.  The data were hierarchical, and 
therefore hierarchical methods were appropriate (Ferron et al., 2008).  Restricted 
maximum likelihood estimation (RMLE) was carried out for all models using SAS 9.4 
 
Research Question 1 
The first research question addressed by this study was: 
What are the relationships between students’ final course scores in College Algebra 
and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course;  
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Table 20: Pearson Product Moment Correlation Coefficients 
 
 
 
 
* p<.0001; ** p<.05 
 
 
 
hope expect prepos preneg rqattempts score posttot postpos postneg avghope avgexpect avgprepos avgpreneg
hope
expect 0.59*
prepos 0.19** 0.43*
preneg -0.28* -0.48* -0.42*
rqattempts 0.08 0.04 -0.01 0.19**
score 0.12 0.15** 0.18** -0.08 0.01
posttot -0.30* -0.40* -0.60* 0.59* 0.18** -0.32*
postpos 0.19** 0.35* 0.77* -0.32* -0.01 0.28* -0.77*
postneg -0.30* -0.33* -0.31* 0.63* 0.25** -0.27* 0.90* -0.40*
avghope 0.33* 0.29* 0.10 -0.22** 0.01 0.08 -0.14** 0.10 -0.13
avgexpect 0.12 0.22** 0.11 -0.12 0.12 0.00 -0.03 0.08 0.01 0.41*
avgprepos 0.22** 0.21** 0.10 -0.17** 0.06 0.06 -0.16** 0.16** -0.12 0.61* -0.15**
avgpreneg -0.20** -0.23** -0.12 0.29* -0.09 0.05 0.12 -0.08 0.11 -0.62* -0.60* -0.31*
instr0 -0.046 -0.09 -0.05 0.04 -0.08 -0.09 0.09 -0.20** -0.01 -0.12 0.01 -0.43* 0.03
instr1 0.139 0.11 -0.03 -0.08 -0.06 0.05 -0.09 0.04 -0.10 0.35* -0.56* 0.80* 0.07
instr2 0.023 0.15** 0.02 -0.10 -0.03 -0.04 -0.01 0.06 0.04 0.08 0.49* -0.09 -0.39*
instr3 0.012 0.07 0.06 0.07 0.25** 0.11 -0.05 0.15** 0.04 0.05 0.25** 0.09 0.18**
instr4 -0.095 -0.21** 0.02 0.07 -0.06 0.03 0.00 0.03 0.02 -0.29* -0.42* -0.02 0.20**
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 positive affect related math anxiety scores at the beginning of the course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
The unconditional model had no predictors of students’ final course scores 
other than the average of all students’ scores at the end of College Algebra.  This 
model was estimated first. 
 
scoreij = β0j + rij 
β0j = γ00 + uij 
 
β0j was the mean final course score of all students in the jth classroom.  The 
intraclass correlation coefficient was 0.03, indicating that 3% of the variation in 
students’ course scores was between classrooms, and 97% of the variation in 
students’ course score existed within classrooms between students.    
Next, the Level 1 equation containing all of the student level variables was 
estimated: 
 
scoreij = β0j+β1jhopeij+β2jexpectij+β3jpreposij+β4jprenegij+β5jrqattemptsij+rij 
 
The variables hope, expect, prepos, and preneg were group mean centered 
by subtracting the respective classroom averages from each value prior to 
estimation (Ferron et al., 2008).  The inclusion of the student level (Level 1) 
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predictors explained an additional 2% of the within classroom variability in 
students’ final course scores. 
The Level 2 equations, which incorporated the possible effects of classroom 
level conditions into the model, were estimated:   
 
β0j = γ00+γ01 avghope+γ02 avgexpect+γ03 avgprepos+γ04 avgpreneg+γ05 instr1+γ06 
instr2+γ07 instr3+γ08 instr4+u0j 
β1j = γ10+ u1j  
β2j = γ20+ u2j 
β3j = γ30+ u3 
 β4j = γ40+ u4j 
β5j = γ50+γ51 avghope+γ52 avgexpect+γ53 avgprepos+γ54 avgpreneg+γ55 instr1+γ56 
instr2+γ57 instr3+γ58 instr4+u5j 
 
This model failed to converge.  Stevens (2007) states that, “the estimation of 
multiple random effects with possibly insufficient sample size can aggravate the 
location of a solution” (p. 350).  In this case, Stevens suggests revising the model 
by reducing the number of random effects.  Including u1j, u2j, u3j, u4j in this model 
implied that the corresponding variables might vary across classrooms (Stevens, 
2007).  However, because the data were collected on the first day of attendance, 
this implication may be unwarranted.  The revised model in which only the intercept 
and β5j included residuals also did not converge.  Because this research question is 
primarily concerned with estimating the fixed effects, the model was re-estimated  
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after restricting the residuals by eliminating u1j, u2j, u3j, u4j, and u5j.  Although this 
new model converged, none of the fixed effect parameter estimates were found to 
be significant.   
Results of these model estimations are provided in Table 21.  Statistically 
significant estimates are highlighted.  Both the Akaike Information Criterion (AIC) 
and the Bayesian Information Criterion (BIC) fit indices are provided for each 
model.  These indices measure how well each model predicts the values of the 
independent variable, with lower values indicating a better fit (McCoach & Black, 
2008).  Neither the Level 1 nor the Level 2 models were significantly better fits for 
the data than the unconditional model.  
To reduce the complexity and improve the fit of the estimated model, Ma, Ma 
and Bradley (2008) suggest removing variables one at a time, starting with the 
variable having the highest p-value, until all variables left in the model are 
significant.  When this backwards elimination procedure was used, only prepos 
remained in the model.  Parameter estimates from this analysis are displayed in 
Table 22.  The best fitting prediction model for this research question was  
  
score = 77.75 + .38 prepos. 
 
in which prepos is the group mean centered value of a student’s pre-course positive 
affect related math anxiety score.  The higher a student’s pre-course positive affect 
related math anxiety score is relative to the classroom average, the higher her or 
his final course score.  This model explained 3% of the variability in students’ 
scores. 
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Table 21: RMLE Parameter Estimates for Research Question 1  
 
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 77.61 0.98 79.31 <.0001 75.69 to 79.53
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 4.15 5.09 0.82 0.21 -5.82 to 14.13
Level one variance (σ2) 126.97 12.65 10.04 <.0001 102.18 to 151.76
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 77.59 1.23 63.32 <.0001 75.19 to 79.99
hope (γ10) 0.08 0.18 0.46 0.64 -0.27 to 0.43
expect  (γ20) 0.14 0.15 0.91 0.36 -0.16 to 0.43
prepos  (γ30) 0.30 0.17 1.73 0.09 -0.04 to 0.63
preneg  (γ40) -0.01 0.14 -0.05 0.96 -0.28 to 0.26
rqattempts  (γ50) 0.02 0.61 0.04 0.97 -1.16 to 1.21
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 4.70 5.36 0.88 0.02 -5.81 to 15.21
Level one variance (σ2) 124.66 12.57 9.92 <.0001 100.02 to 149.30
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) -72.82 165.46 -0.44 0.68 -397.13 to 251.48
hope (γ10) 0.13 0.19 0.69 0.49 -0.24 to 0.50
expect  (γ20) 0.08 0.17 0.48 0.63 -0.25 to 0.41
prepos  (γ30) 0.36 0.19 1.86 0.06 -0.02 to 0.73
preneg  (γ40) 0.00 0.14 0.03 0.98 -0.28 to 0.29
rqattempts  (γ50) 39.51 85.39 0.46 0.64 -127.86 to 206.87
avghope (γ01) 1.31 2.38 0.55 0.58 -3.35 to 5.97
avgexpect (γ02) 0.19 3.29 0.06 0.95 -6.26 to 6.65
avgprepos  (γ03) -0.74 4.07 -0.18 0.86 -8.72 to 7.24
avgpreneg (γ04) 1.07 1.48 0.72 0.47 -1.83 to 3.97
instr1 (γ05) 1.94 38.51 0.05 0.96 -73.54 to 77.43
instr2  (γ06) -0.19 8.25 -0.02 0.98 -16.35 to 15.97
instr3 (γ07) 3.47 7.21 0.48 0.63 -10.67 to 17.60
instr4 (γ08) 4.92 12.82 0.38 0.70 -20.20 to 30.05
rqattempts*avghope (γ51) -0.43 1.09 -0.39 0.69 -2.57 to 1.71
rqattempts*avgexpect  (γ52) 0.20 1.55 0.13 0.90 -2.84 to 3.23
rqattempts*avgprepos (γ53) -0.16 1.63 -0.1 0.92 -3.36 to 3.04
rqattempts*avgpreneg (γ54) -0.58 0.77 -0.75 0.45 -2.09 to 0.93
rqattempts*instr1 (γ55) 6.65 16.82 0.4 0.69 -26.32 to 39.63
rqattempts*instr2 (γ56) 0.37 3.47 0.11 0.92 -6.44 to 7.17
rqattempts*instr3 (γ57) 1.01 2.87 0.35 0.72 -4.61 to 6.63
rqattempts*instr4  (γ58) -0.42 5.74 -0.07 0.94 -11.68 to 10.84
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 17.00 22.40 0.76 0.02 -26.90 to 60.90
Level one variance (σ2) 127.19 13.09 9.72 <.0001 101.54 to 152.84
Level 1 Model ( Fit Indicies AIC=1649.5; BIC=1650.5)
Level 2 Model (Fit Indicies AIC=1595.6; BIC=1596.6)
Unconditional Model (Fit Indicies AIC=1650.6; BIC=1651.5)
95% CI
95% CI
95% CI
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Table 22: RMLE Parameter Estimates for Backward Elimination Model  
 
The assumptions for MLM were checked.  These assumptions are: 
 Residuals are independent 
 Residuals are normally distributed 
 Residuals have common variance (Ferron et al., 2008). 
Overall Level 1 residuals were not normally distributed based on the Shapiro 
Wilk Test, (W=0.75, p=.0028).  Residuals for classrooms F1, F2, F3 and F5 also 
deviated from normality.  Based on the Mahalanobis distance values, classroom F3 
appears to be a minor multivariate outlier (d=3.12, F(1,10)=4.94, p=.06).  There 
was no evidence of violation of the homogeneity of variance of residuals. 
 
Research Question 2 
The second research question in this study was: 
What are the relationships between students’ total math anxiety scores at the end 
of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 77.75 1.03 75.75 <.0001 75.73 to 79.77
prepos  (γ30) 0.38 0.15 2.48 0.01 0.09 to 0.67
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 5.42 5.59 0.97 0.16 -5.54 to 16.38
Level one variance (σ2) 123.27 12.31 10.01 <.0001 99.14 to 147.40
Level 1 Model (Fit Indicies AIC=1646.5; BIC=1647.4)
95% CI
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 number of second chance assessments taken during the course? 
The unconditional model was estimated first.  This model had no predictors of 
students’ total math anxiety scores at the end of College Algebra other than the 
average of all students’ total math anxiety scores at the end of College Algebra in 
each classroom. 
 
posttotij = β0j + rij 
β0j = γ00 + uij 
 
β0j was the mean total post-course math anxiety score of all students in the 
jth classroom.  The intraclass correlation coefficient was 0 indicating that essentially 
none of the variation in students’ total math anxiety scores at the end of the course 
was between classrooms.  Essentially all of the variation existed within classrooms, 
between students.    
Next, the Level 1 equation containing all of the individual student level 
variables was estimated: 
 
posttotij = β0j+β1jhopeij+β2jexpectij+β3jpreposij+β4jprenegij+β5jrqattemptsij+rij 
 
The variables hope, expect, prepos, and preneg were group mean centered by 
subtracting the respective classroom averages from each value prior to estimation 
(Ferron et al., 2008).  The addition of the Level 1 predictors explained 50% of the 
variability within the classrooms. 
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Finally, the Level 2 equations, which incorporated the possible effects of 
classroom level conditions into the model, were estimated: 
 
β0j = γ00+γ01 avghope+γ02 avgexpect+γ03 avgprepos+γ04 avgpreneg+γ05 instr1+γ06 
instr2+γ07 instr3+γ08 instr4+u0j 
β1j = γ10+ u1j 
β2j = γ20+ u2j 
β3j = γ30+ u3j 
β4j = γ40+ u4j 
β5j = γ50+γ51 avghope+γ52 avgexpect+γ53 avgprepos+γ54 avgpreneg+ γ55 instr1+γ56 
instr2+γ57 instr3+γ58 instr4+u5j 
 
This model failed to converge.  The revised model in which only the intercept 
and β5j included residuals also did not converge.  However, the model in which 
rqattempts was restricted to being a fixed effect did converge.  Results of these 
model estimations are provided in Table 23.  The addition of Level 2 predictors 
increased the within classroom variance and the intercept of this model was not 
statistically significant. 
The backwards elimination procedure was used to arrive at a more parsimonious 
model in which all predictors were statistically significant.  Parameter estimates 
from this analysis are displayed in Table 24.  This model explained 51% of the 
within classroom variability in students’ post-course total math anxiety scores.  The 
statistically significant predictors of students’ post-course total math  
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Table 23: RMLE Parameter Estimates for Research Question 2 
 
 
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 39.27 0.72 54.28 <.0001 37.86 to 40.68
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0.00 . . . . .
Level one variance (σ2) 112.00 10.85 10.32 <.0001 90.73 to 133.27
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 37.96 0.94 40.21 <.0001 36.11 to 39.81
hope (γ10) -0.26 0.12 -2.17 0.03 -0.50 to -0.03
expect  (γ20) 0.00 0.10 -0.04 0.97 -0.21 to 0.20
prepos  (γ30) -0.83 0.12 -7.07 <.0001 -1.06 to -0.60
preneg  (γ40) 0.58 0.09 6.26 <.0001 0.40 to 0.76
rqattempts  (γ50) 0.98 0.41 2.38 0.02 0.17 to 1.78
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 4.58 3.49 1.32 0.09 -2.26 to 11.42
Level one variance (σ2) 56.02 5.65 9.92 <.0001 44.95 to 67.09
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 10.58 73.26 0.14 0.89 -133.00 to 154.17
hope (γ10) -0.32 0.13 -2.54 0.01 -0.57 to -0.07
expect  (γ20) 0.08 0.11 0.74 0.46 -0.14 to 0.31
prepos  (γ30) -0.8951 0.13 -7 <.0001 -1.15 to -0.64
preneg  (γ40) 0.57 0.10 5.94 <.0001 0.38 to 0.76
rqattempts  (γ50) 17.93 55.21 0.32 0.75 -90.29 to 126.14
avghope (γ01) 0.01 1.12 0.01 0.99 -2.19 to 2.22
avgexpect (γ02) 0.41 1.52 0.27 0.79 -2.56 to 3.38
avgprepos  (γ03) 0.9244 0.62 1.49 0.14 -0.29 to 2.14
avgpreneg (γ04) -1.5891 1.76 -0.9 0.37 -5.04 to 1.87
instr1 (γ05) 2.49 17.26 0.14 0.89 -31.34 to 36.32
instr2  (γ06) 0.56 3.63 0.15 0.88 -6.55 to 7.67
instr3 (γ07) -2.66 3.10 -0.86 0.39 -8.74 to 3.42
instr4 (γ08) 0.61 5.83 0.1 0.92 -10.82 to 12.04
rqattempts*avghope (γ51) -0.46 0.73 -0.62 0.53 -1.88 to 0.97
rqattempts*avgexpect  (γ52) 0.44 1.03 0.43 0.67 -1.57 to 2.46
rqattempts*avgprepos (γ53) -0.19 1.08 -0.17 0.86 -2.31 to 1.94
rqattempts*avgpreneg (γ54) -0.35 0.49 -0.71 0.48 -1.32 to 0.61
rqattempts*instr1 (γ55) 4.12 11.20 0.37 0.71 -17.82 to 26.07
rqattempts*instr2 (γ56) -1.98 2.31 -0.86 0.39 -6.50 to 2.54
rqattempts*instr3 (γ57) -0.29 1.87 -0.16 0.88 -3.96 to 3.37
rqattempts*instr4  (γ58) 1.70 3.84 0.44 0.66 -5.82 to 9.22
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0 . . . . .
Level one variance (σ2) 57.15 5.83 9.8 <.0001 45.72 to 68.58
Unconditional Model (Fit Indicies AIC=1616.9; BIC=1617.4)
Level 1 Model (Fit Indicies AIC=1487.2; BIC=1488.1)
Level 2 Model (Fit Indicies AIC=1437.1; BIC=1437.6)
95% CI
95% CI
95% CI
127 
 
 
Table 24: RMLE Parameter Estimates for Backward Elimination Model 
 
anxiety were hope, prepos, preneg, avgprepos, and the interaction between 
rqattempts and avgexpect. 
The prediction equation that best fit the data for Research Question 2 was: 
 
posttotij = 69.3-0.25hopeij–0.91preposij+0.55prenegij-1.56 avgprepos+ 
0.01rqattempts*avgexpect 
 
This model explained 51% of the variability in students’ post-course total math 
anxiety scores.  There was no evidence of violations of assumption for this model. 
 
Research Question 3 
The third question addressed by this study was: 
What are the relationships between students’ positive affect related math anxiety 
scores at the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
Parameter Parameter Estimate SE 
Fixed effects
t Value Pr>t
Intercept (γ00) 69.30 6.74 10.28 <.0001 56.09 to 82.51
hope (γ10) -0.25 0.10 -2.48 0.01 -0.45 to -0.05
prepos  (γ30) -0.91 0.11 -7.98 <.0001 -1.13 to -0.68
preneg  (γ40) 0.55 0.09 6.33 <.0001 0.38 to 0.72
avgprepos  (γ03) -1.56 0.34 -4.63 <.0001 -2.23 to -0.90
rqattempts*avgexpect  (γ52) 0.01 0.00 2.29 0.02 0.00 to 0.02
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0.00 . . . . .
Level one variance (σ2) 54.56 5.35 10.2 <.0001 44.07 to 65.05
Level 2 Model (Fit Indicies AIC=1476.6; BIC=1477.1)
95% CI
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 positive affect related math anxiety scores at the beginning of the course; 
and the 
 number of second chance assessments taken during the course? 
The unconditional model, which contained no prediction variables, was 
estimated. 
 
postposij = β0j + rij 
β0j = γ00 + uij 
 
The intraclass correlation coefficient was 0.03, indicating that 3% of the 
variation in students’ post-course positive affect related math anxiety scores was 
between classrooms, and 97% of the variation in these scores existed within 
classrooms, between students.    
Next, the Level 1 predictors of students’ positive affect related math anxiety 
scores at the end of College Algebra were entered into the model and estimated. 
 
postposij = β0j+β1jhopeij+β2jexpectij+β3jpreposij+β4jrqattemptsij+rij 
 
The variables hope, expect, and prepos were group mean centered by 
subtracting the respective classroom averages from each value prior to estimation 
(Ferron et al., 2008).  Only prepos was found to be a statistically significant 
predictor of postpos.  The addition of the Level 1 predictors explained 59% of the 
variability in students’ post-course positive affect related math anxiety scores within 
the classrooms. 
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The Level 2 equations contained the possible effects of classroom level 
conditions: 
 
β0j = γ00+γ01 avghope+γ02 avgexpect+γ03 avgprepos +γ04 instr1+γ05 instr2+γ06 instr3 
+ γ07 instr4 + u0j 
β1j = γ10+ u1j 
β2j = γ20+ u2j 
β3j = γ30+ u3j 
β4j = γ40+γ41 avghope+γ42 avgexpect+γ43 avgprepos+γ44 instr1+γ45 instr2+γ46 
instr3+γ47 instr4+u5j 
 
This model failed to converge.  All residual terms were removed, as in the 
previous questions, with the exceptions of u0j and u5j.  This revised model was 
estimated successfully.  The predictors prepos and avgprepos were significant, 
however the intercept was not significant.  This model explained an additional 1% 
of the variability in the independent variable within classrooms.  Results of these 
model estimations are given in Table 25.    
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Table 25: RMLE Parameter Estimates for Research Question 3 
 
 
 
 
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 19.85 0.44 44.84 <.0001 18.99 to 20.71
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0.87 0.90 0.96 0.17 -0.89 to 2.63
Level one variance (σ2) 25.71 2.54 10.11 <.0001 20.73 to 30.69
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 20.30 0.60 34.12 <.0001 19.14 to 21.47
hope (γ10) 0.039 0.05 0.74 0.46 -0.06 to 0.14
expect  (γ20) 0.01 0.04 0.15 0.88 -0.08 to 0.09
prepos  (γ30) 0.77 0.05 15.44 <.0001 0.67 to 0.87
rqattempts  (γ50) -0.13 0.17 -0.77 0.44 -0.48 to 0.21
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 3.12 1.61 1.94 0.03 -0.04 to 6.28
Level one variance (σ2) 10.42 1.05 9.95 <.0001 8.36 to 12.48
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 4.35 21.10 0.21 0.84 -37.01 to 45.71
hope (γ10) 0.05 0.05 0.88 0.38 -0.06 to 0.15
expect  (γ20) 0.00 0.05 -0.10 0.92 -0.09 to 0.09
prepos  (γ30) 0.79 0.05 15.14 <.0001 0.69 to 0.89
rqattempts  (γ40) 15.40 22.60 0.68 0.53 -28.90 to 59.70
avghope (γ01) 0.25 0.47 0.52 0.60 -0.67 to 1.16
avgexpect (γ02) -0.52 0.65 -0.80 0.43 -1.79 to 0.75
avgprepos  (γ03) 1.87 0.70 2.67 0.01 0.50 to 3.24
instr1 (γ04) -6.37 7.23 -0.88 0.38 -20.55 to 7.80
instr2  (γ05) 2.23 1.51 1.48 0.14 -0.73 to 5.20
instr3 (γ06) 1.74 1.18 1.47 0.14 -0.59 to 4.06
instr4 (γ07) -1.83 2.47 -0.74 0.46 -6.68 to 3.02
rqattempts*avghope (γ41) 0.03 0.50 0.07 0.95 -0.94 to 1.00
rqattempts*avgexpect  (γ42) -0.19 0.74 -0.25 0.80 -1.64 to 1.27
rqattempts*avgprepos (γ43) -0.15 0.86 -0.17 0.87 -1.82 to 1.53
rqattempts*instr1 (γ44) -0.58 8.46 -0.07 0.95 -17.16 to 16.01
rqattempts*instr2 (γ45) 0.72 1.80 0.40 0.69 -2.81 to 4.24
rqattempts*instr3 (γ46) 0.73 1.32 0.56 0.58 -1.85 to 3.31
rqattempts*instr4  (γ47) 0.16 2.82 0.06 0.95 -5.36 to 5.69
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0.00 . . .
Slope variance (τ11) 0.97 1.16 0.83 0.20 -1.31 to 3.24
Intercept variance (τ00) -0.50 0.48 -1.05 0.29 -1.44 to 0.44
Level one variance (σ2) 10.23 1.05 9.73 <.0001 8.17 to 12.29
Level 2 Model (Fit Indicies AIC=1109.3; BIC=1110.7)
Level 1 Model (Fit Indicies AIC=1143.8; BIC=1144.8)
95% CI
95% CI
95% CI
Unconditional Model (Fit Indicies AIC=1310.5; BIC=1311.5)
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The results of the backwards elimination procedure to determine the most 
parsimonious prediction equation are listed in Table 26.  The prediction equation 
that best fit the data for Research Question 3 was: 
 
postposij = -1.09+0.80preposj+1.06avgpreposij 
 
This model explained 60% of the variability in students’ post-course positive affect 
related math anxiety scores.  There was no evidence of violations of assumption for 
this model. 
 
Table 26: RMLE Parameter Estimates for Backward Elimination Model  
 
 
Research Question 4 
 The final question addressed by this study was: 
What are the relationships between students’ negative affect related math anxiety 
scores at the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) -1.09 3.72 -0.29 0.78 -8.37 to 6.20
prepos  (γ30) 0.80 0.05 17.64 <.0001 0.71 to 0.88
avgprepos  (γ03) 1.06 0.19 5.74 <.0001 0.70 to 1.43
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0.40 0.41 0.98 0.16 -0.40 to 1.20
Level one variance (σ2) 10.30 1.02 10.07 <.0001 8.30 to 12.30
95% CI
Level 2 Model (Fit Indicies AIC=1120.2; BIC=1121.2)
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 number of second chance assessments taken during the course? 
The unconditional model had no predictors of students’ negative affect 
related math anxiety scores at the end of College Algebra other than the average of 
all students’ negative affect related math anxiety scores at the end of College 
Algebra in each classroom. 
 
postnegij = β0j + rij 
β0j = γ00 + uij 
 
The intraclass correlation coefficient was 0 indicating that essentially none of 
the variability in students’ post-course negative affect related math anxiety scores 
existed within classrooms.  Student level predictors of students’ negative affect 
related math anxiety scores at the end of the course were then entered into the 
model at Level 1. 
 
postnegij = β0j+β1jhopeij+β2jexpectij+β3jprenegij+β4jrqattemptsij+rij 
 
The variables hope, expect, and preneg were group mean centered by 
subtracting the respective classroom averages from each value prior to estimation 
(Ferron et al., 2008).  The inclusion of the Level 1 predictors explained 41% of the 
within classroom variability in students’ negative affect related math anxiety scores 
at the end of the course. 
Level 2 variables which reflect the possible effects of classroom level 
conditions were entered into the model.   
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β0j = γ00+γ01 avghope+γ02 avgexpect+γ03 avgpreneg +γ04 instr1+γ05 instr2+γ06 instr3 
+ γ07 instr4 + u0j 
β1j = γ10+ u1j 
β2j = γ20+ u2j 
β3j = γ30+ u3j 
β4j = γ40+γ41 avghope+γ42 avgexpect+γ43 avgpreneg + γ44 instr1+γ45 instr2+γ46 
instr3+γ47 instr4+u5j 
 
This model failed to converge.  All residual terms were removed, as in the 
previous questions, with the exceptions of u0j and u5j.  Again, the model did not 
converge, so u5j was removed.  The resulting model converged.  However, no 
additional variability in the independent variable was accounted for.  Furthermore, 
the intercept was not significant.  The results for these model estimations are 
detailed in Table 27.   
The results of all statistical analyses that were carried out to address the 
research questions have been presented in this chapter.  Aggregate item analysis 
results for the MAS-R survey responses at the beginning and end of the course 
were summarized.  The results of reliability testing of the instrument were 
described.  The descriptive statistics for student and classroom level quantitative 
variables and the results of a correlational analysis have been provided.   Finally the 
multilevel model estimations, model revisions, and assessment of model 
assumptions for each research question have been described.  The next chapter will 
include the discussion of these results, conclusions and limitations of this study, 
implications for practitioners, and suggestions for future research. 
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Table 27: RMLE Parameter Estimates for Research Question 4 
 
 
 
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 23.14 0.51 45.73 <.0001 22.14 to 24.14
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0.00 . . . . .
Level one variance (σ2) 54.78 2.54 10.11 <.0001 49.80 to 59.76
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 22.38 0.52 42.91 <.0001 21.36 to 23.40
hope (γ10) -0.23 0.09 -2.51 0.01 -0.40 to -0.05
expect  (γ20) 0.01 0.07 0.18 0.86 -0.13 to 0.16
preneg (γ30) 0.62 0.07 9.14 <.0001 0.48 to 0.75
rqattempts  (γ40) 0.77 0.30 2.59 0.01 0.19 to 1.36
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0 . . . . .
Level one variance (σ2) 32.33 3.16 10.22 <.0001 26.14 to 38.52
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) -8.78 58.69 -0.15 0.89 -123.81 to 106.24
hope (γ10) -0.26 0.09 -2.72 0.01 -0.44 to -0.07
expect  (γ20) 0.03 0.08 0.41 0.68 -0.13 to 0.19
preneg  (γ30) 0.62 0.07 8.86 <.0001 0.48 to 0.75
rqattempts  (γ40) 7.48 54.56 0.14 0.90 -99.45 to 114.41
avghope (γ01) 0.04 0.81 0.05 0.96 -1.55 to 1.63
avgexpect (γ02) 0.09 0.89 0.10 0.92 -1.64 to 1.83
avgpreneg  (γ03) 0.80 0.46 1.75 0.08 -0.10 to 1.69
instr1 (γ04) -0.44 6.65 -0.07 0.95 -13.47 to 12.60
instr2  (γ05) 2.12 2.28 0.93 0.35 -2.35 to 6.59
instr3 (γ06) -1.10 2.57 -0.43 0.67 -6.14 to 3.95
instr4 (γ07) -0.70 3.02 -0.23 0.82 -6.61 to 5.22
rqattempts*avghope (γ41) -0.25 0.64 -0.40 0.69 -1.52 to 1.01
rqattempts*avgexpect  (γ42) 0.22 0.74 0.30 0.76 -1.22 to 1.66
rqattempts*avgpreneg (γ43) -0.07 0.45 -0.15 0.88 -0.95 to 0.81
rqattempts*instr1 (γ44) 1.28 5.40 0.24 0.81 -9.31 to 11.87
rqattempts*instr2 (γ45) -1.55 1.96 -0.79 0.43 -5.39 to 2.30
rqattempts*instr3 (γ46) -0.42 2.18 -0.19 0.85 -4.69 to 3.86
rqattempts*instr4  (γ47) 1.11 2.64 0.42 0.68 -4.07 to 6.29
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0.88 3.49 0.25 0.40 -5.96 to 7.73
Slope variance (τ11) -1.97 2.89 -0.68 0.49 -7.62 to 3.69
Error covariance (τ10) 1.72 2.59 0.66 0.25 -3.37 to 6.80
Level one variance (σ2) 32.29 3.32 9.73 <.0001 25.78 to 38.79
95% CI
Unconditional Model (Fit Indicies AIC=1464.5; BIC=1465.0)
95% CI
Level 1 Model (Fit Indicies AIC=1359.3; BIC=1359.8)
95% CI
Level 2 Model (Fit Indicies AIC=1335.9; BIC=1337.9)
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Table 28: RMLE Parameter Estimates for Backward Elimination Model 
 
 
 
  
Parameter Parameter Estimate SE 
Fixed effects t Value Pr>t
Intercept (γ00) 10.88 4.67 2.33 0.04 1.73 to 20.03
hope (γ10) -0.22 0.08 -2.85 0.0048 -0.38 to -0.06
preneg  (γ30) 0.61 0.06 10.03 <.0001 0.49 to 0.73
rqattempts  (γ40) 0.84 0.3 2.84 0.0049 0.25 to 1.43
avgpreneg (γ 03) 0.47 0.19 2.48 0.01 0.10 to 0.84
Variance Estimates Z Value Pr>Z
Intercept variance (τ00) 0 . . . . .
Level one variance (σ2) 31.41 3.07 10.22 <.0001 25.39 to 37.43
Level 2 Model (Fit Indicies AIC=1351.4; BIC=1351.8)
95% CI
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Chapter Five: Summary, Conclusions, Implications and Recommendations 
 
The presentation of this research project is concluded in this chapter, which 
includes: 
 a summary of this study including the purpose and the statement of the 
problem this study addressed;  
 a summary of the results related to each of the research questions which 
were detailed Chapter 4;  
 discussions and conclusions related to each of the research questions; 
 limitations of the study;  
 implications for practitioners;  
 and suggestions for future research. 
Summary of the Study 
American students are falling behind their international peers in mathematics 
achievement (OCED, 2014).  This lack of quantitative skill contributes to economic 
challenges for American individuals and for the country.  For example, the demand 
for trained workers in the fast growing STEM fields is critically limited by the lack of 
mathematically capable adults (National Governors Association Center for Best 
Practices, 2011).  Math anxiety, low self-efficacy in relation to math, and a sense of 
hopelessness about math are all potential barriers to being successful in learning 
and using math, not only in school but ultimately in many aspects of adult life.  
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Understanding the relationships between students’ hopes, expectations, math 
anxiety, and achievement is essential for improving teaching strategies and 
reducing the obstacles posed by poor levels of achievement in math.  
The purpose of this study was to examine the relationships between 
students’ hopes, expectations, math anxiety (positive and negative affect related 
components), and final course scores in College Algebra.  This research was carried 
out within the context of an instructional strategy intended to improve student 
achievement and reduce math anxiety.  The key elements of this strategy were: 
1. Course content was chunked into units that lasted two weeks. 
2. Formative assessments called Quests were given at the end of each unit. 
Each Quest was preceded by an active, student-led review session called 
a Jam. During a Jam, students posed questions for one another, asked for 
help, and reviewed key concepts with their peers.  The instructor, acting 
as a consultant and not the leader, was always available to help, if 
needed.  
3. Prompt feedback was given to students on each formative assessment. 
4. Students were encouraged learn from their mistakes and fill knowledge 
gaps promptly. 
5. Second chances parallel assessments called ReQuests were offered for 
each Quest, covering the same content using different questions. 
6. Only the higher of the two formative assessment scores (the Quest and 
ReQuest scores) counted towards the computation of final course scores.  
Students were never penalized for trying again. 
Four research questions were examined in this research study: 
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1. What are the relationships between students’ final course scores in College 
Algebra and the 
a. scores students say they hope to earn in this course; 
b. scores students say they think they will earn in this course; 
c. positive affect related math anxiety scores at the beginning of the 
course; 
d. negative affect related math anxiety scores at the beginning of the 
course; and the 
e. number of second chance assessments taken during the course? 
2. What are the relationships between students’ total math anxiety scores at 
the end of the College Algebra course and the 
a. scores students say they hope to earn in this course; 
b. scores students say they think they will earn in this course; 
c. positive affect related math anxiety scores at the beginning of the 
course; 
d. negative affect related math anxiety scores at the beginning of the 
course; and the 
e. number of second chance assessments taken during the course? 
3. What are the relationships between students’ positive affect related math 
anxiety scores at the end of the College Algebra course and the 
a. scores students say they hope to earn in this course; 
b. scores students say they think they will earn in this course; 
c. positive affect related math anxiety scores at the beginning of the 
course; and the 
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d. number of second chance assessments taken during the course? 
4. What are the relationships between students’ negative affect related math 
anxiety scores at the end of the College Algebra course and the 
a. scores students say they hope to earn in this course; 
b. scores students say they think they will earn in this course; 
c. negative affect related math anxiety scores at the beginning of the 
course; and the 
d. number of second chance assessments taken during the course? 
The sample for this study consisted of students taking College Algebra at the 
University of South Florida St. Petersburg during the fall and spring semesters in 
2015.  Twelve different classrooms were included in the study, each taught by one 
of five different instructors.  Instructors collected information on the number of 
second chances (called ReQuests) students used on assessments (called Quests) 
and provided final course scores for this study. 
Students were asked to complete the Math Anxiety Survey-Revised (MAS-R) 
by Bai, Pan, Wang, and Frey (2009), a bi-dimensional instrument separating math 
anxiety into positive affect related and negative affect related math anxiety 
subscores, on their first day of attendance  and again following the final exam.  
Eight of the 14 statements on the MAS-R reflect negative affective attitudes 
towards mathematics.  The remaining six statements reflect positive affective 
attitudes towards mathematics.  Responses for each item are coded using a five-
point Likert-like scale, with 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral,  
4 = Agree and 5 = Strongly Agree.  Students’ total math anxiety is the sum of the 
negative affect subscore and the reverse indexed positive affect subscore.  The first 
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day MAS-R included two additional questions asking students to report the scores 
they hoped to earn in the class and the scores they thought they would earn in the 
class using numbers between zero and 100.  The MAS-R as used on the first day of 
attendance is provided in Appendix A, and the MAS-R as used following the final 
exam is provided in Appendix B. 
Of the 329 students who enrolled in one of the 12 sections of College Algebra 
during these two semesters, 214 (65%) responded to the MAS-R at both the 
beginning and end of the semester, answered the two additional questions about 
the scores they hoped to earn and the scores they thought they would earn, and 
finished the College Algebra course.  Of the 214 students included in this study, 205 
(96%) passed College Algebra during the fall and spring 2015 semesters, while 222 
(67%) of the 329 students who completed the course were similarly successful.  
This finding indicates that any inferences made based on the study are restricted in 
generalizability to students who are likely to pass College Algebra. 
The student level predictor variables in this study were: 
 hope: the score (ranges from 0 to 100) students say they hope to earn in 
the course  
 expect: the score (ranges from 0 to 100) students say they think they will 
earn in the course 
 prepos: the positive affect related math anxiety scores (ranges from 6 to 
30)  
 preneg: the negative affect related math anxiety scores (ranges from 8 to 
40 
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 rqattempts: the number of second chance assessments (ReQuests) 
attempted (ranges from 0 to 7) 
The classroom level predictor variables were: 
 avghope: the classroom average of hope 
 avgexpect: the classroom average of expect 
 avgprepos: the classroom average of prepos 
 avgpreneg: the classroom average of preneg 
The student level independent variables for which data were collected at the 
end of the course were: 
 score: the final course scores (ranges from 0 to 100) 
 posttot: the total math anxiety scores (ranges from 14 to 70) 
 postpos: the positive affect related math anxiety scores (ranges from 6 to 
30) 
 postneg: the negative affect related math anxiety scores (ranges from 8 
to 40) 
Five different instructors participated in this study, so dummy coded variables were 
used to indicate the instructor for each classroom in the analyses. 
Summary statistics, correlational analysis, and item analysis of the MAS-R 
responses were conducted and reported in Chapter 4 and Appendix C.  The data 
were then analyzed using multilevel modelling, which accounts for any 
interdependence between students who share a classroom experience.  The models 
corresponding to each research question included both student level predictors and 
classroom level predictors for students’ final course scores, post-course total math 
anxiety, positive affect related math anxiety subscores, and negative affect related 
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math anxiety subscores.  Restricted Maximum Likelihood Estimation (RMLE) was 
used for estimating the multilevel models associated with each research question. 
 
Summary of the Results 
 
Results for Research Question 1 
What are the relationships between students’ final course scores in College Algebra 
and the 
a. scores students say they hope to earn in this course; 
b. scores students say they think they will earn in this course; 
c. positive affect related math anxiety scores at the beginning of the 
course; 
d. negative affect related math anxiety scores at the beginning of the 
course; and the 
e. number of second chance assessments taken during the course? 
Students’ final course scores in this study ranged from 21.4 to 96.7 with a 
mean of 77.78 out of a possible 100.  The distribution of these scores deviated 
slightly from normality, was skewed to the left, and appeared to be mildly 
leptokurtic (skewness =-1.59, kurtosis =4.85).  Within classrooms, mean final 
course scores ranged from 71.7 (classroom S2) to 81.1 (classroom F6).  Classroom 
S2, taught by Instructor 0, also had the lowest average score that students hoped 
to earn.  Classroom F6, taught by Instructor 3, had the highest average per capital 
number of second chance assessments (ReQuests) attempted and the highest 
classroom average post-course positive affect math anxiety score. 
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Students’ final course scores were statistically significantly positively 
correlated with post-course positive affect related math anxiety (r=0.28), pre-
course positive affect related math anxiety (r=.018), and the scores students 
expected to earn (r=0.15).  Students’ final course scores were statistically 
significantly negatively correlated with post-course total math anxiety (r=-0.32) 
and post-course negative affect related math anxiety (r=-0.27).  However, final 
course scores were not significantly correlated with either the scores students 
hoped to earn or the number of second change assessments taken. 
 According to the results of the multilevel model estimation, 97% of the 
variability in students’ final course scores existed within classrooms between 
students.  Using RMLE and backwards elimination, the best fitting prediction model 
for this research question using these variables was  
 
score = 77.75 + .38 prepos. 
 
The pre-course positive affect related math anxiety scores were group mean 
centered prior to model estimation.  For every point a student’s pre-course positive 
math anxiety subscore exceeded the average of his or her classmates, his or her 
final course score was predicted to be 0.38 higher than the grand mean of 77.75.  
Final course scores were not impacted for students whose pre-course positive math 
anxiety subscore were close to their classroom average.  Pre-course positive affect 
related math anxiety scores that were below classroom averages were likely to 
contribute to lower final course scores.  No other predictors, either at the student or 
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the classroom level, were significant.  This model explained 3% of the variability in 
students’ scores. 
 
Results for Research Question 2 
What are the relationships between students’ total math anxiety scores at the end 
of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 positive affect related math anxiety scores at the beginning of the course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
Students’ total math anxiety scores at the end of the course ranged from 14 
to 66 with a mean of 39.27 out of a possible 70.  Lower scores indicated a lower 
level of math anxiety.  The distribution of these scores showed no evidence of 
deviation from normality (skewness =-0.10, kurtosis =-0.52).  Within classrooms, 
mean scores ranged from 36.32 (classroom S4) to 43.05 (classroom F2).  
Classroom F2, taught by Instructor 0, also had the highest average pre-course 
negative affect related math anxiety scores and the lowest average post-course 
positive affect related math anxiety score. 
Students’ post-course total math anxiety scores were statistically significantly 
positively correlated with negative affect related math anxiety scores at the 
beginning of the course (r=0.59) and number of second chance assessments 
(ReQuests) taken during the course (r=0.18).  Students’ post-course total math 
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anxiety scores were statistically significantly negatively correlated with positive 
affect related math anxiety scores at the beginning of the course (r=-0.60), scores 
students expected to earn (r=-0.40), students’ final course scores (r=-0.32), and 
scores students hoped to earn (r=-0.30).  At the classroom level, students’ post-
course total math anxiety was negatively correlated with the classroom average 
positive affect related math anxiety scores at the beginning of the course (r=-0.16) 
and the average score students within a classroom hoped to earn (r=-0.14). 
According to the multilevel model estimation procedure, essentially all of the 
variation in student’s total math anxiety scores at the end of the course was 
between students within classrooms.  The multilevel prediction equation that 
provided the best fit for the data was: 
 
posttotij = 69.3-0.25hopeij–0.91preposij+0.55prenegij-1.56avgprepos+ 
0.01rqattempts*avgexpect. 
 
This model explained 51% of the variability between students’ post-course total 
math anxiety scores. 
The scores students hoped to earn were group mean centered prior to model 
estimation.  For every point a student’s hoped-for score exceeded her or his 
classroom average hoped for score, her or his post-course math anxiety could be 
expected to be lower than the overall average by 0.25.  Students whose hoped-for 
scores were close to their classmates average scores realized little impact on math 
anxiety from this variable.  Every point a student’s hoped-for score was lower than 
the average hoped-for scores of his or her classmates contributed to a 0.25 
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increase in post-course total math anxiety for that student.  Pre-course positive 
affect related math anxiety scores were also group mean centered and parallel 
interpretations can be made using the associated slope, -0.91.  
Not surprisingly, higher individual pre-course negative affect related math 
anxiety (which was group mean centered) contributed to higher post-course math 
anxiety.  For each point a student’s pre-course negative affect related math anxiety 
exceeded the classroom average, a 0.55 point increase could be anticipated in that 
student’s post-course total math anxiety.  Similarly, for each point a student’s pre-
course negative affect related math anxiety was lower than the classroom average, 
a 0.55 point decrease could be predicted in that student’s post-course total math 
anxiety. 
Finally, within each classroom, the classroom average of pre-course positive 
affect related math anxiety contributed significantly to a reduction in the post-
course total math anxiety of each student in that class.  The interaction between 
the classroom average expected score for the course and the number of second 
chance assessments (ReQuests) taken by an individual student also contributed to 
a student’s post-course total math anxiety.   
 
Results for Research Question 3 
What are the relationships between students’ positive affect related math anxiety 
scores at the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
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 positive affect related math anxiety scores at the beginning of the course; 
and the 
 number of second chance assessments taken during the course? 
Students’ post-course positive affect related math anxiety scores ranged 
from 6 to 30 with a mean of 19.87 out of a possible 30.  Higher scores indicated a 
higher level of positive affect related math anxiety.  There was no evidence of 
deviation from normality in these scores (skewness =-0.20, kurtosis =-0.46).  
Within classrooms, mean scores ranged from 17.33 (classroom F2) to 21.86 
(classroom F6).   
Students’ post-course positive affect related math anxiety scores were 
statistically significantly positively correlated with students’ pre-course positive 
affect related math anxiety scores (r=0.77), the scores students expected to earn 
(r=0.35), students’ final course scores (r=0.28), and the scores students hoped to 
earn (r=0.19).  Post-course positive affect related math anxiety scores were 
statistically significantly negatively correlated with post-course total math anxiety 
scores (r=0.77), post-course negative affect related math anxiety scores (r=-0.40), 
and pre-course negative affect related math anxiety scores (r=-0.32).  Students’ 
post-course positive affect related math anxiety scores were positively correlated 
with classroom average pre-course positive affect math anxiety scores (r=0.16).  
Students’ positive affect related math anxiety scores were positively correlated with 
Instructor 3 (r=0.15) who taught in classroom F6, which had the highest post-
course mean positive affect related math anxiety score.  Students’ positive affect 
related math anxiety scores were negatively correlated with Instructor 0 (r=-0.20) 
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who taught in in classroom F2, which had the lowest post-course mean positive 
affect related math anxiety score.   
Based on the results of multilevel model estimation, three percent of the 
variability in students’ post-course positive affect related math anxiety scores 
existed between classrooms, while 97% of the variation in these scores existed 
within classrooms, between students.  The prediction equation that best fit the data 
for Research Question 3 was: 
 
postposij = -1.09+0.80preposj+1.06avgpreposij. 
 
This model explained 60% of the variability in students’ post-course positive affect 
related math anxiety scores.  Group mean centering was used on students’ post-
course positive affect related math anxiety scores prior to model estimation.  For 
every point a student whose pre-course positive affect related math anxiety 
exceeded their classroom mean score, her or his post-course positive affect related 
math anxiety could be expected to increase by 0.80 points.  Conversely, for every 
point a student whose pre-course positive affect related math anxiety was lower 
than their class mean, her or his post-course positive affect related math anxiety 
would decrease by 0.80 points.  The classroom average pre-course positive affect 
math anxiety score also contributed positively to individual student’s post-course 
positive affect related math anxiety scores. 
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Results for Research Question 4 
What are the relationships between students’ negative affect related math anxiety 
scores at the end of the College Algebra course and the 
 scores students say they hope to earn in this course; 
 scores students say they think they will earn in this course; 
 negative affect related math anxiety scores at the beginning of the 
course; and the 
 number of second chance assessments taken during the course? 
Students’ total math anxiety scores at the end of the course ranged from 8 to 
40 with a mean of 24.35 out of a possible 40.  Higher scores indicate a higher level 
of negative affect related math anxiety.  No evidence of non-normality was noted 
(skewness =0.15, kurtosis =-0.63).  Within classrooms, mean scores ranged from 
20.35 (classroom F1) to 24.50 (classroom S3).  Classroom F1, taught by Instructor 
0, had the lowest average pre-course negative affect related math anxiety as well 
as the lowest average pre-course total math anxiety score.  Classroom S3, also 
taught by instructor 0, had the highest average pre-course total math anxiety 
score, the lowest average pre-course positive affect related math anxiety score, 
and the lowest average score students expected to earn. 
The post-course negative affect related math anxiety scores were statistically 
significantly positively correlated with post-course total math anxiety scores 
(r=0.90), pre-course negative affect related math anxiety scores (r=0.63), and the 
number of second chance assessments (ReQuests) taken (r=0.25).  The post-
course negative affect related math anxiety scores were statistically significantly 
negatively correlated with post-course positive affect related math anxiety scores 
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(r=-0.40), scores students expected to earn (r=-0.33), pre-course positive affect 
related math anxiety scores (r=-0.31), scores students hoped to earn (r=-0.30) 
and final course scores (r=-0.27).  No significant correlations between post-course 
negative affect related math anxiety scores and classroom level variables were 
found. 
None of the variability in students’ post-course negative affect related math 
anxiety scores existed within classrooms, according to the results of the multilevel 
model estimation.  The prediction equation that best fit the data for this research 
question was: 
 
postnegij = 10.88-0.22hopeij+0.61prenegij+0.84rqattemptsij+0.47avgpreneg 
 
This model accounted for 43% of the variability in students’ post-course negative 
affect related math anxiety scores.  As described previously, both the scores 
students hoped to earn and students’ pre-course negative affect related math 
anxiety scores were group mean centered.  In this model, for each ReQuest a 
student attempted, the predicted post-course negative affect related math anxiety 
could be expected to increase by 0.84 points.  The classroom average pre-course 
negative affect related math anxiety was also a significant contributor to a student’s 
individual post-course negative affect related math anxiety. 
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Discussion and Conclusions 
 
Discussion of Research Question 1 
Sixty-seven percent of the students in the population under study were 
successful in passing College Algebra when Jam, Quest, ReQuest was used.  This is 
significantly higher than the national average success rate in College Algebra of 
50% reported by Small (2006).  It may be that the instructional strategy that was 
the site of this research provided an educational environment in which negative 
affect related math anxiety did not have as significant an impact on student 
achievement as might be expected otherwise.  It is possible that the two week 
pacing of instructional units and the use of Quests and ReQuests provided students 
with opportunities to be successful in mathematics, which contributed to improving 
students’ self-efficacy and achievement.  This possibility fits well within Bandura’s 
(1977) theory regarding self-efficacy and mastery experiences and Bloom’s (1986) 
Learning for Mastery strategy.  Núñez-Peña, Bono, and Suárez-Pellicioni (2015) 
found that formative assessments that included feedback may have given highly 
math anxious students opportunities to become more confident and thereby 
improve their academic performance. 
 Snyder, Shorey, and Rand (2006) suggest that hopeful students will have 
higher academic achievement.  However, within the context of this study, hope was 
not a significant predictor of achievement in mathematics.  This finding is also 
contrary to earlier research by Levi, Einav, Ziv, Raskind, and Margalit (2014) in 
which hope was found to influence academic achievement, albeit indirectly, through 
outcome expectation.   
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Bandura (1977) suggested that hope and outcome expectation be assessed 
separately to avoid confounding the constructs.  Results of this study align well with 
this suggestion.  Hope and expectation were strongly correlated (r=0.59).  
However, although the scores students hoped to earn were not predictive of their 
final scores, outcome expectation, as measured by the score students said they 
thought they would earn, was found to correlate positively with students’ final 
course scores.  Similarly, Komarraju and Nadler (2013) found that academic self-
efficacy was related to academic achievement.  Siegel, Galassi, and Ware (1985) 
found that outcome expectation was a significant predictor of mathematics 
achievement.   
Bandura (1986) also suggested that anxiety related to a task negatively 
impacts performance.  Further, research examining the positive and negative affect 
related math anxiety scores separately may be valuable in revealing different 
patterns in responses to interventions (Bai, 2011; Bai, Wang, Pan, & Frey, 2009).  
In this study, both positive affect and negative affect math anxiety subscores were 
evaluated.  Within the context of this instructional strategy, of the two subscores, 
only positive affect related math anxiety was found to be a significant predictor of 
achievement as measured by students’ final course score.  Pre-course negative 
affect related math anxiety was neither significantly correlated with final course 
scores nor was it significant in the prediction model.  This finding appears to be 
unusual because the majority of research regarding math anxiety and achievement 
suggests that math anxiety can have a negative impact on achievement in math 
(Andrews & Brown, 2015; Bai, 2011; Beilock & Maloney, 2015; Betz, 1978; Cates & 
Rhymer, 2003; Dweck, 1986; Hembree, 1990; Kalaycioglu, 2015; Ma, 1999; 
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Pekrun, Goetz, & Titz, 2002; Richardson & Suinn, 1972).  However, this study 
supports the conclusion of Andrews and Brown (2015) who found that math anxiety 
was not a significant predictor of students’ final course scores in College Algebra, 
although no distinction was made in their study between the positive affect and 
negative affect related components of math anxiety.  
 
Discussion of Research Question 2 
According to Bandura (1986) hope is related to self-efficacy.  The score a 
student hoped to earn and a student’s pre-course positive affect related math 
anxiety contributed to a reduction in post-course total math anxiety in this study.   
The classroom average pre-course positive affect related math anxiety also 
contributed to a reduction in post-course total math anxiety. Similarly, a study 
conducted by Lavasani, Hejazi, and Varzaneh (2011) found that math anxiety is 
directly and negatively influenced by math self-efficacy.  Hacket (1985) also found 
that math self-efficacy was a significant predictor of math anxiety.   
According to Snyder (2002), outcome expectation and hope are related 
because both contribute to providing the will and the way of accomplishing a goal.  
In this study, classroom average outcome expectations interacting with student’s 
ReQuest behavior may have contributed to higher math anxiety scores at the end of 
the course within the context of the Jam, Quest, ReQuest instructional strategy.  
The number of ReQuests taken by students correlated positively with both pre-
course and post-course negative affect related math anxiety.   
Bai (2011) pointed out that few studies have examined the impact of the 
positive and negative affective components of math anxiety separately; most have 
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focused on only the negative affect related components.  This study utilized the 
MAS-R, a bi-dimensional instrument.  Not surprisingly, the pre-course positive 
affect subscore was negatively correlated and the pre-course negative affect 
subscore was positively correlated with post-course total math anxiety scores.   
Both classroom average pre-course positive affect related math anxiety 
scores and classroom average expected scores were negatively correlated with 
students’ post-course total math anxiety scores.  Additionally, classroom average 
pre-course positive affect related math anxiety scores were found to be inversely 
related to post-course math scores anxiety for individual students in the class in the 
multilevel model prediction equation of best fit.  The interaction between classroom 
average expected scores and the number of ReQuests attempted was also a 
statistically significant predictor of students’ post-course total math anxiety in the 
prediction equation. 
 
Discussion of Research Question 3 
In this study, hope was found to correlate positively with post-course positive 
affect related math anxiety subscores as well as students’ final course scores. Some 
classroom level influences were related to students’ post-course positive affect 
related math anxiety scores.  Statistically significant correlations were found 
between students’ post-course positive affect related math anxiety score and 
classroom average pre-course positive affect math anxiety scores (r=0.16) and two 
instructors.  Classroom average pre-course positive affect math anxiety scores were 
also significant predictors in the multilevel model prediction equation of best fit.  
These findings related to positive affect align well with Bandura’s assertion that 
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self-efficacy can develop from learning from others because classroom average pre-
course positive affect subscores influenced students’ post-course positive affect 
related subscores (Bandura, 1986, 1994).    
Based on the aggregate MAS-R item analysis, substantial increases in 
students agreeing with positive affect related items 3 (I think I will use math in the 
future), 10 (I would like to take more math classes) and 13 (I enjoy learning 
mathematics) were noted.  In addition, more students disagreed or strongly 
disagreed with every negative affect related item at the end of the course than did 
at the beginning, indicating reductions in the negative affect math anxiety related 
responses. 
 
Discussion of Research Question 4 
The findings for this research question regarding post-course negative affect 
related math anxiety align well with the findings for the previous research question 
regarding positive affect related math anxiety.  In both cases, classroom average 
pre-course subscores (positive and negative affect related math anxiety, 
respectively) were significantly correlated with post-course results.  Classroom 
average positive and negative affect related math anxiety subscores, respectively, 
were significant predictors of individual post-course subscores in the multilevel 
models for both research questions 3 and 4.   
A possible relationship between the number of second chance assessments 
(ReQuests) and negative affect related math anxiety is unique to this study.  
Further research is needed to ascertain the nature of this relationship.  
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Discussion Related to ReQuests 
The number of ReQuests attempted was significantly, positively correlated 
with pre- and post-course negative affect related math anxiety subscores and post-
course total math anxiety scores, indicating that students’ choices to make use of 
ReQuests was related to their negative affect related math anxiety.  The 
mechanism behind the connection between negative affect related math anxiety 
and students’ choices about taking ReQuests is not clear at this time. The lack of 
evidence of a statistically significant relationship between the number of second 
chance assessments (ReQuests) and final course score may be attributed, at least 
in part, to the fact that most students took at most one ReQuest.   
Limitations of the Study 
 Generalizability of any inferences made in this study are restricted in 
students who are likely to pass College Algebra because of the 
disproportionately high number of passing students in the sample compared 
to the population.  
 The results of this study may not be generalizable to other student groups or 
other courses. 
 Sample sizes within each classroom and disparate number of classrooms 
taught by instructors may contribute to a lack of statistical power. 
 Students may self-select or be influenced by peers or advisors when signing 
up for their classes.  In particular, those students who are highly motivated 
to work with a particular instructor because of math anxiety or other issues 
may be more likely to register for classes based on the faculty member 
assigned to teach.  Those students who are less proactive may have had 
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fewer options in their choice of faculty.  This behavior could introduce a bias 
into the distribution of students between classrooms. 
 Students’ responses on the MAS-R and in sharing the scores they hoped to 
earn and expected to earn may be influenced to differing degrees by their 
willingness to be honest at the beginning of the course.   
 Students’ responses on the MAS-R after completing their final exams may be 
influenced by their perceptions of how well or poorly they performed on the 
exam.  However, responses at both of these particular times are relevant to 
this study because both sets of responses provide information about 
students’ perceptions and states of mind 
 This was a non-experimental, observational study.  As such, none of the 
dependent variables were controlled so the mechanisms behind any observed 
correlations and relationships cannot be determined within this context. 
Implications for Practitioners 
The purpose of this study was to examine relationships between students’ 
hopes, expectations, positive and negative affect related math anxiety, and 
achievement as measure by their final course scores in College Algebra.  The use of 
multilevel modelling allowed for consideration of some classroom level factors, as 
well.  Several of the variables of interest were either significantly correlated or 
predictive of final course scores or both.  The scores students expected to earn, as 
reported on the first day of attendance, were correlated with their final course 
scores and post-course math anxiety subscores.  Scores students hoped to earn, 
however, were neither correlated with nor predictive of their final course scores but 
were significant in relation to total math anxiety and both the positive and negative 
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affect math anxiety subscores at the end of the course.  Investigating the impact of 
students’ hopes may contribute to the discussion about reducing math anxiety.  
Within the context of this study, students’ pre-course positive affect related math 
anxiety subscores were the only significant predictors of students’ final course 
scores, while pre-course negative affect related math anxiety subscores were 
neither correlated with nor predictive of students’ final course scores.   
Classroom attitudes as measured by average hopes, expectations, and math 
anxiety subscores also contributed to students’ individual math anxiety total as well 
as their positive and negative affect related math anxiety subscores at the end of 
the course.  The use of adult education strategies and the Math Anxiety Bill of 
Rights as presented in Chapter 2 may foster learning environments in which 
students can ask questions freely and have those questions answered patiently and 
respectfully, contributing to a positive classroom atmosphere (Safford, 2002).  
Brown and Uldhe (2001) suggest a list of best practices for helping adults learn 
math: 
 Remove the obstacles imposed by fear so that students can focus on the 
content; 
 Provide opportunities for students to become competent; 
 Improve student confidence through increased competence; 
 Support the development of deep and rich understandings of math 
processes; 
 Foster self-directed learning;  
 Model positive attitudes toward math and math mistakes; and 
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 Actively support students in experiencing the success to help them 
overcome past negative experiences and self-limiting beliefs related to 
math. 
Each of the instructors in this study was observed teaching on several 
occasions.  Students who took College Algebra with the instructors who relied 
heavily on lecture had lower levels of achievement than did the students of the 
instructors who used active learning strategies, eliciting higher levels of student 
engagement.  Two of the instructors were significantly correlated with post-course 
positive affect related math anxiety subscores.  However, it is important to note 
that none of these findings imply causality or suggest reasons for these 
observations.  Specific faculty behaviors, beliefs, and attitudes that nurture positive 
attitudes within a classroom and support student success, while not the subject of 
this study, would be worthy of future research.   
The use of instructional strategies similar to Jam, Quest, ReQuest, including 
the use of short instructional units, frequent low stakes assessment with rich 
feedback, second chances to fill learning gaps and demonstrate mastery, and the 
emphasis of learning (mastery goals) over grades (performance goals) may help 
students who suffer from low self-efficacy related to mathematics, math anxiety, or 
poor content preparation to be successful.   
The findings of this study confirm the utility of suggestions made by Jo 
Boaler (2016) which include emphasizing mathematical thinking, discovery, 
discourse, and the power of learning by making mistakes to improve positive affect 
and self-efficacy related to mathematics  
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Suggestions for Future Research 
 Conduct a similar but larger study with more classrooms by each 
instructor to improve statistical power and sensitivity. 
 Conduct a study utilizing experimental design with control group 
classes taught by traditional lecture and assessment strategies to 
compare the results to those of classes taught using frequent 
formative assessments, prompt feedback, opportunities for students to 
fill identified learning gaps, and second chances on assessments to 
demonstrate learning and competence. 
 Conduct a similar study using other college level math courses or 
courses in other disciplines to investigate whether or not the strategy 
and results are transferable. 
 Conduct a similar study in math classes at other grade levels.  How 
well or poorly does this strategy work in high school? Middle school? 
Elementary school? 
 Compare a detailed item analysis of MAS-R responses and instructor 
attitudes, behaviors, teaching styles, and goal orientation to 
investigate the influence on student positive and negative affect 
related to math anxiety. 
 Conduct qualitative research including focus groups and exit interviews 
for students who don’t complete the course, to invite students’ voices 
and insights into the impact of Jam, Quest, ReQuest. 
 Investigate the relationship between instructors’ and students’ goal 
orientation within the context of the Jam, Quest, ReQuest strategy.  
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Does the use of Jam, Quest, ReQuest contribute to an increase in 
students’ setting mastery goals rather than performance based goals? 
 Investigate the connection between negative affect related math 
anxiety and ReQuests by conducting a controlled study in which 
students are randomly assigned to groups which take a specific 
number of ReQuests. 
 Investigate the connection between final course scores and students’ 
ReQuests by conducting a controlled study in which students are 
randomly assigned to groups which take a specific number of 
ReQuests. 
 In this study, the only student level predictor variable which the 
instructor could influence was the number of second chance 
assessments (ReQuests) a student took.  A correlational study of 
instructor behaviors, goal orientations, and attitudes would be helpful 
in identifying specific attributes that are conducive to improving 
students’ learning and positive affect related to math. 
 Conduct a repeated measures time series study of students’ math 
anxiety using the MAS-R, hope, and outcome expectation, and the 
relationships of these with success behaviors, use of second chances 
for learning, and achievement in mathematics. 
 Conduct a longitudinal study to determine any long term impact in 
subsequent math or other coursework. 
 Conduct a qualitative study to examine students’ reasons for taking or 
not taking ReQuests. 
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Conclusion 
The classrooms in this study, which used the Jam, Quest, ReQuest 
instructional strategy, had an overall 67% pass rate of College Algebra students  
which far exceeds the national average of 50% (Small, 2006).  Students’ pre-
course positive affect related math anxiety subscores were the only significant 
predictors of final course scores.  As suggested by previous research, students’ 
hopes and positive affect related math anxiety, as well as classroom positive affect 
contributed to an overall reduction in post-course math anxiety.  Classroom pre-
course average positive or negative affect related math anxiety subscores also 
contributed significantly to individuals’ corresponding post-course math anxiety 
subscores.  Based on students’ responses to the MAS-R, the number of students 
indicating that they enjoyed math and would like to take more math classes in the 
future increased, while negative affect related responses decreased.  It may be that 
this instructional strategy can contribute to increasing student achievement and 
satisfaction in College Algebra.  By providing mastery experiences that help to 
create empowering beliefs about math, instill hopes, raise personal expectations, 
and support achievement, Jam, Quest, ReQuest, when implemented correctly, 
might be a useful means of addressing the needs of today’s math students. 
 
Education is the kindling of a flame, not the filling of a vessel. 
~ Socrates 
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Appendix A: MAS-R as Used on the First Day of Attendance 
 
Please respond to each statement using this scale: 
1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 =Agree, 5= Strongly Agree 
1. I find math interesting. Your response: _______ 
2. I get uptight during math tests. Your response: _______ 
3. I think that I will use math in the future. Your response: _______ 
4. My mind goes blank and I am unable to think clearly when doing my math test. 
Your response: _______ 
5. Math relates to my life. Your response: _______ 
6. I worry about my ability to solve math problems. Your response: _______ 
7. I get a sinking feeling when I try to do math problems. Your response: _______ 
8. I find math challenging. Your response: _______ 
9. Mathematics makes me feel nervous. Your response: _______ 
10. I would like to take more math classes. Your response: _______ 
11. Mathematics makes me feel uneasy. Your response: _______ 
12. Math is one of my favorite subjects. Your response: _______ 
13. I enjoy learning with mathematics. Your response: _______ 
14. Mathematics makes me feel confused. Your response: _______ 
Using a number between 0% and 100% what final score do you hope to earn in this 
class? ______________ 
Using a number between 0% and 100% what final score you think you will earn in this 
class?______________________ 
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Appendix B: MAS-R as Used Following the Final Exam 
 
Please respond to each statement using this scale: 
1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 =Agree, 5= Strongly Agree 
1. I find math interesting. Your response: _______ 
2. I get uptight during math tests. Your response: _______ 
3. I think that I will use math in the future. Your response: _______ 
4. My mind goes blank and I am unable to think clearly when doing my math test. 
Your response: _______ 
5. Math relates to my life. Your response: _______ 
6. I worry about my ability to solve math problems. Your response: _______ 
7. I get a sinking feeling when I try to do math problems. Your response: _______ 
8. I find math challenging. Your response: _______ 
9. Mathematics makes me feel nervous. Your response: _______ 
10. I would like to take more math classes. Your response: _______ 
11. Mathematics makes me feel uneasy. Your response: _______ 
12. Math is one of my favorite subjects. Your response: _______ 
13. I enjoy learning with mathematics. Your response: _______ 
14. Mathematics makes me feel confused. Your response: _______ 
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Appendix C: MAS-R Classroom Level Item Analysis 
 
Students completed the MAS-R on their first day of attendance in College 
Algebra and again following completion of the final exam.  Responses were 
tabulated using data reduction, combining the positive responses (strongly agree/ 
agree) into one category and the negative responses (strongly disagree/ disagree) 
into another category (Onwuegbuzie & Teddlie, 2003).  The numbers and relative 
frequencies of students’ responses to each MAS-R item on the first day of 
attendance (pre-course) and following the final exam (post-course) are presented, 
by instructor, disaggregated by classroom. 
Classrooms Taught By Instructor 0 
Instructor 0 was a full time instructor with more than 20 years of experience 
teaching math at the post-secondary level.  Instructor 0 taught using lecture, a 
moderate amount of active learning, and student work in class.  Instructor 0 taught 
classrooms S1, S2, S3, F1, F2, and F4.   
MAS-R response summaries for classroom S1 are provided in Table C1.  At 
the beginning of the course four (36%) students reported that they would like to 
take more math classes, yet after the course six (54%) students indicated that they 
would like to take more math classes.  Three (27%) fewer students indicated that 
they found math challenging (item 8) and that math made them feel uneasy (item 
11) at the end of the course than did at the beginning of the course. 
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Table C1: Classroom S1 MAS-R Item Analysis, n=11 (relative frequency) 
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 2 (.18) 1 (.09) 8 (.72) 
 
2 (.18) 3 (.27) 6 (.54) 
3 1 (.09) 2 (.18) 8 (.72) 
 
1 (.09) 1 (.09) 9 (.81) 
5 3 (.27) 5 (.45) 3 (.27) 
 
1 (.09) 6 (.54) 4 (.36) 
10 3 (.27) 4 (.36) 4 (.36) 
 
2 (.18) 3 (.27) 6 (.54) 
12 5 (.45) 3 (.27) 3 (.27) 
 
6 (.54) 1 (.09) 4 (.36) 
13 2 (.18) 4 (.36) 5 (.45) 
 
2 (.18) 6 (.54) 3 (.27) 
Negative Affect 
2 4 (.36) 1 (.09) 6 (.54) 
 
3 (.27) 2 (.18) 6 (.54) 
4 5 (.45) 4 (.36) 2 (.18) 
 
6 (.54) 4 (.36) 1 (.09) 
6 3 (.27) 2 (.18) 6 (.54) 
 
5 (.45) 2 (.18) 4 (.36) 
7 7 (.63) 1 (.09) 3 (.27) 
 
7 (.63) 2 (.18) 2 (.18) 
8 2 (.18) 2 (.18) 7 (.63) 
 
3 (.27) 4 (.36) 4 (.36) 
9 5 (.45) 2 (.18) 4 (.36) 
 
5 (.45) 3 (.27) 3 (.27) 
11 5 (.45) 1 (.09) 5 (.45) 
 
8 (.72) 1 (.09) 2 (.18) 
14 5 (.45) 3 (.27) 3 (.27)   8 (.72) 4 (.36) 2 (.18) 
 
MAS-R response summaries for students in classroom S2 are provided in 
Table C2.  Three (23%) more students disagreed or strongly disagreed with item 4 
(My mind goes blank and I am unable to think clearly when doing my math test) 
and item 11 (Mathematics makes me feel uneasy) at the end of the course than did 
at the beginning of the course.   
The item analysis for Classroom S3 students’ responses to the MAS-R is 
provided in Table C3.  Four (29%) more students indicated that they would like to 
take more math classes (item 10) at the end of the course than did at the 
beginning.  Three (22%) fewer students agreed and two (15%) more students 
disagreed with item 4 (My mind goes blank and I am unable to think clearly when 
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Table C2: Classroom S2 MAS-R Item Analysis, n=13 (relative frequency) 
 
Pre-course Responses 
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 3 (.23) 3 (.23) 7 (.54) 
 
3 (.23) 4 (.31) 6 (.46) 
3 1 (.08) 1 (.08) 11 (.85) 
 
0 2 (.15) 11 (.85) 
5 3 (.23) 4 (.31) 6 (.46) 
 
3 (.23) 3 (.23) 7 (.54) 
10 7 (.54) 1 (.08) 5 (.39) 
 
4 (.31) 5 (.39) 4 (.31) 
12 6 (.46) 3 (.23) 4 (.31) 
 
6 (.46) 4 (.31) 3 (.23) 
13 2 (.15) 4 (.31) 7 (.54) 
 
2 (.15) 3 (.23) 8 (.62) 
Negative Affect 
2 3 (.23) 1 (.08) 9 (.69) 
 
2 (.15) 4 (.31) 7 (.54) 
4 3 (.23) 7 (.54) 3 (.23) 
 
6 (.46) 3 (.23) 4 (.31) 
6 3 (.23) 3 (.23) 7 (.54) 
 
4 (.31) 4 (.31) 5 (.39) 
7 5 (.39) 5 (.39) 3 (.23) 
 
6 (.46) 2 (.15) 5 (.39) 
8 3 (.23) 3 (.23) 7 (.54) 
 
2 (.15) 4 (.31) 7 (.54) 
9 4 (.31) 3 (.23) 6 (.46) 
 
6 (.46) 2 (.15) 5 (.39) 
11 4 (.31) 5 (.39) 4 (.31) 
 
7 (.54) 2 (.15) 4 (.31) 
14 3 (.23) 5 (.39) 5 (.39)   5 (.39) 3 (.23) 5 (.39) 
  
doing my math test) at the end at the end of the course than at the beginning.  
Four (29%) more students disagreed with item 11 (Mathematics makes me feel 
uneasy) at the end of the course than at the beginning of the course.   
Summaries of students’ responses to the MAS-R for classroom F1 are listed 
in Table C4.  Students’ responses to item 5 (Math relates to my life) shifted with 
three (18%) more students disagreeing and six (35%) fewer students agreeing at 
the end of the course than at the beginning.  Over half of the students in classroom 
F1 disagreed with item 4 (My mind goes bland and I am unable to think clearly 
when doing my math test) at both the beginning and end of the course.  Three 
(18%) more students disagreed with item 2 (I get uptight during math tests) and  
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Table C3: Classroom S3 MAS-R Item Analysis, n=14 (relative frequency) 
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 6 (.43) 5 (.36) 3 (.21) 
 
4 (.28) 7 (.50) 3 (.21) 
3 0 4 (.28) 10 (.71) 
 
1 (.07) 3 (.21) 10 (.71) 
5 2 (.14) 8 (.57) 4 (.28) 
 
3 (.21) 6 (.43) 5 (.36) 
10 9 (.64) 4 (.28) 1 (.07) 
 
8 (.57) 1 (.07) 5 (.36) 
12 8 (.57) 3 (.21) 3 (.21) 
 
10 (.71) 0 4 (.28) 
13 5 (.36) 5 (.36) 4 (.28) 
 
5 (.36) 6 (.43) 3 (.21) 
Negative Affect 
2 2 (.14) 3 (.21) 9 (.64) 
 
1 (.07) 5 (.36) 8 (.57) 
4 4 (.28) 5 (.36) 5 (.36) 
 
6 (.43) 6 (.43) 2 (.14) 
6 2 (.14) 4 (.28) 8 (.57) 
 
5 (.36) 2 (.14) 7 (.50) 
7 4 (.28) 3 (.21) 7 (.50) 
 
6 (.43) 3 (.21) 5 (.36) 
8 1 (.07) 4 (.28) 9 (.64) 
 
1 (.07) 5 (.36) 8 (.57) 
9 2 (.14) 6 (.43) 6 (.43) 
 
5 (.36) 5 (.36) 4 (.28) 
11 1 (.07) 6 (.43) 7 (.50) 
 
5 (.36) 5 (.36) 4 (.28) 
14 3 (.21) 3 (.21) 8 (.57)   5 (.36) 2 (.14) 7 (.50) 
 
item 6 (I worry about my ability to solve math problems) at the end of the course 
than did at the beginning. 
Summaries of classroom F2 students’ responses to the MAS-R are listed in 
Table C5.  Five (24%) fewer students agreed with item 1 (I find math interesting) 
at the end of the course than did at the beginning of the course.  Five (24%) more 
students disagreed with item 5 (Math relates to my life) by the end of the course.   
Fewer students agreed with negative affect related items except item 2 at the end 
of the course than agreed at the beginning. 
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Table C4: Classroom F1 MAS-R Item Analysis, n=17 (relative frequency) 
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 2 (.12) 4 (.24) 11 (.65) 
 
2 (.12) 6 (.35) 9 (.53) 
3 0 3 (.18) 14 (.82) 
 
2 (.12) 2 (.12) 13 (.76) 
5 1 (.06) 6 (.35) 10 (.59) 
 
4 (.24) 9 (.53) 4 (.24) 
10 6 (.35) 7 (.41) 4 (.24) 
 
4 (.24) 8 (.47) 5 (.29) 
12 6 (.35) 5 (.29) 6 (.35) 
 
8 (.47) 3 (.18) 6 (.35) 
13 3 (.18) 8 (.47) 6 (.35) 
 
5 (.29) 7 (.41) 5 (.29) 
Negative Affect 
2 4 (.24) 8 (.47) 5 (.29) 
 
7 (.41) 7 (.41) 3 (.18) 
4 10 (.59) 4 (.24) 3 (.18) 
 
10 (.59) 4 (.24) 3 (.18) 
6 6 (.35) 8 (.47) 3 (.18) 
 
9 (.53) 5 (.29) 3 (.18) 
7 10 (.59) 7 (.41) 0 
 
10 (.59) 5 (.29) 2 (.12) 
8 5 (.29) 8 (.47) 4 (.24) 
 
2 (.12) 9 (.53) 6 (.35) 
9 12 (.71) 2 (.12) 3 (.18) 
 
10 (.59) 3 (.18) 4 (.24) 
11 11 (.65) 5 (.29) 1 (.06) 
 
9 (.53) 5 (.29) 3 (.18) 
14 5 (.29) 9 (.53) 3 (.18) 
 
7 (.41) 5 (.29) 5 (.29) 
 
Classroom F4 students’ responses to the MAS-R are summarized in Table C6.  
Three (13%) more students disagreed with item 3 (I think I will use math in the 
future) at the end of the course than did at the beginning.  Four (23%) more 
students disagreed with item 10 (I would like to take more math classes) at the end 
of the course than did at the beginning.  However, at the beginning of the course 
three (13%) more students indicated that they were uptight during math tests 
(item 2) than did at the end of the course.  The largest change in disagreement 
with a negative affect related item was seen in item 8 (I find math challenging) with 
two (9%) students disagreeing at the beginning of the course and seven (30%) 
students disagreeing at the end of the course. 
 
185 
 
 
Table C5: Classroom F2 MAS-R Item Analysis, n=21 (relative frequency) 
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 5 (.24) 6 (.29) 10 (.48) 
 
4 (.19) 12 (.57) 5 (.24) 
3 2 (.10) 4 (.19) 15 (.71) 
 
3 (.14) 2 (.10) 16 (.76) 
5 4 (.19) 10 (.48) 7 (.33) 
 
9 (.43) 7 (.33) 5 (.24) 
10 6 (.29) 11 (.52) 4 (.19) 
 
7 (.33) 9 (.43) 5 (.24) 
12 13 (.62) 3 (.14) 5 (.24) 
 
13 (.62) 4 (.19) 4 (.19) 
13 5 (.24) 10 (.48) 6 (.29) 
 
7 (.33) 10 (.48) 4 (.19) 
Negative Affect 
2 3 (.14) 6 (.29) 12 (.57) 
 
6 (.29) 3 (.14) 12 (.57) 
4 2 (.10) 8 (.38) 11 (.52) 
 
8 (.38) 6 (.29) 7 (.33) 
6 4 (.19) 4 (.19) 13 (.62) 
 
7 (.33) 4 (.19) 10 (.48) 
7 5 (.24) 7 (.33) 9 (.43) 
 
11 (.52) 4 (.19) 6 (.29) 
8 3 (.14) 7 (.33) 11 (.52) 
 
2 (.10) 12 (.57) 7 (.33) 
9 4 (.19) 7 (.33) 10 (.48) 
 
7 (.33) 6 (.29) 8 (.38) 
11 4 (.19) 8 (.38) 9 (.43) 
 
10 (.48) 5 (.24) 6 (.29) 
14 4 (.19) 7 (.33) 10 (.48)   7 (.33) 8 (.38) 6 (.29) 
 
Classroom F4 students’ responses to the MAS-R are summarized in Table C6.  
Three (13%) more students disagreed with item 3 (I think I will use math in the 
future) at the end of the course than did at the beginning.  Four (23%) more 
students disagreed with item 10 (I would like to take more math classes) at the end 
of the course than did at the beginning.  However, at the beginning of the course 
three (13%) more students indicated that they were uptight during math tests 
(item 2) than did at the end of the course.  The largest change in disagreement 
with a negative affect related item was seen in item 8 (I find math challenging) with 
two (9%) students disagreeing at the beginning of the course and seven (30%) 
students disagreeing at the end of the course. 
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Table C6: Classroom F4 MAS-R Item Analysis, n=23 (relative frequency) 
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 2 (.09) 7 (.30) 14 (.61) 
 
4 (.17) 7 (.30) 12 (.52) 
3 3 (.13) 5  (.22) 15 (.65) 
 
6 (.26) 1 (.04) 16 (.70) 
5 6 (.26) 10 (.43) 7 (.30) 
 
7 (.30) 10 (.43) 6 (.26) 
10 6 (.26) 13 (.57) 4 (.17) 
 
10 (.43) 10 (.43) 3 (.13) 
12 9 (.39) 6 (.26) 8 (.35) 
 
11 (.48) 4 (.17) 8 (.35) 
13 5  (.22) 10 (.43) 8 (.35) 
 
5  (.22) 9 (.39) 9 (.39) 
Negative Affect 
2 7 (.30) 4 (.17) 12 (.52) 
 
8 (.35) 6 (.26) 9 (.39) 
4 12 (.52) 5  (.22) 6 (.26) 
 
11 (.48) 5  (.22) 7 (.30) 
6 10 (.43) 5  (.22) 8 (.35) 
 
12 (.52) 4 (.17) 7 (.30) 
7 13 (.57) 6 (.26) 4 (.17) 
 
14 (.61) 4 (.17) 5  (.22) 
8 2 (.09) 10 (.43) 11 (.48) 
 
7 (.30) 8 (.35) 8 (.35) 
9 8 (.35) 8 (.35) 7 (.30) 
 
11 (.48) 5  (.22) 7 (.30) 
11 11 (.48) 8 (.35) 4 (.17) 
 
15 (.65) 2 (.09) 6 (.26) 
14 8 (.35) 7 (.30) 8 (.35)   12 (.52) 4 (.17) 7 (.30) 
 
Classroom Taught By Instructor 1 
Instructor 1 was a visiting instructor with 11 years of experience teaching 
math at the post-secondary level and 5 years of experience teaching math at the 
secondary level.  Instructor 1 lectured, incorporating the publisher’s power points 
that accompany the text.  Instructor 1 taught classroom S4 in the Spring 2015 
semester.   
Item analysis results for the MAS-R student responses in classroom S4 are 
given in Table C7.  At the beginning of the class, 16 (84%) students indicated that 
they thought they would use math in the future (item 1).  This value increased 
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slightly at the end of the course.  An additional three (15%) students reported that 
they thought math related to their lives (item 5) at the end of the course compared 
to responses at the beginning of the course.  Student agreement with item 2 (I get 
uptight during math tests) decreased from 10 (53%) to six (32%).  Five (26%) 
more students disagreed with item 6 (I worry about my ability to solve math 
problems) at the end of the course than did at the beginning. 
 
Table C7: Classroom S4 MAS-R Item Analysis, n=19 (relative frequency)  
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 4 (.21) 7 (.39) 8 (.42) 
 
3 (.16) 6 (.32) 10 (.53) 
3 1 (.05) 2 (.11) 16 (.84) 
 
1 (.05) 1 (.05) 17 (.89) 
5 4 (.21) 9 (.47) 6 (.32) 
 
4 (.21) 6 (.32) 9 (.47) 
10 9 (.47) 4 (.21) 6 (.32) 
 
4 (.21) 7 (.39) 8 (.42) 
12 8 (.42) 4 (.21) 7 (.39) 
 
6 (.32) 6 (.32) 7 (.39) 
13 3 (.16) 6 (.32) 10 (.53) 
 
5 (.26) 5 (.26) 9 (.47) 
Negative Affect 
2 4 (.21) 5 (.26) 10 (.53) 
 
7 (.39) 6 (.32) 6 (.32) 
4 9 (.47) 4 (.21) 6 (.32) 
 
10 (.53) 6 (.32) 3 (.16) 
6 6 (.32) 8 (.42) 5 (.26) 
 
11 (.58) 4 (.21) 4 (.21) 
7 10 (.53) 6 (.32) 3 (.16) 
 
13 (.68) 5 (.26) 1 (.05) 
8 2 (.11) 7 (.39) 10 (.53) 
 
6 (.32) 3 (.16) 10 (.53) 
9 11 (.58) 5 (.26) 3 (.16) 
 
10 (.53) 5 (.26) 4 (.21) 
11 10 (.53) 7 (.39) 2 (.11) 
 
10 (.53) 4 (.21) 5 (.26) 
14 8 (.42) 6 (.32) 5 (.26)   13 (.68) 3 (.16) 3 (.16) 
 
Classrooms Taught By Instructor 2 
Instructor 2 was an adjunct instructor with five years of experience teaching 
math at the post-secondary level and six years of experience teaching math at the 
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secondary level.  Instructor 2 lectured, presented the text book examples on the 
board, and did not typically extend instruction beyond the material as it was 
provided in the text.  Instructor 2 taught classrooms S5, F3, and F5. 
Student responses to the MAS-R for classroom S5 are presented in Table C8.  
Two (18%) more students agreed with item 4 (My mind goes blank and I am 
unable to think clearly when doing my math test) and item 6 (I worry about my 
ability to solve math problems) at the end of the course than did at the beginning 
of the course.  Three (25%) more students indicated that math made them feel 
confused (item 14) at the end of the semester than did at the beginning. 
 
Table C8: Classroom S5 MAS-R Item Analysis, n=11 (relative frequency) 
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 3 (.27) 2 (.18) 6 (.55) 
 
1 (.09) 3 (.27) 7 (.64) 
3 0 2 (.18) 9 (.82) 
 
1 (.09) 2 (.18) 8 (.73) 
5 2 (.18) 2 (.18) 7 (.64) 
 
1 (.09) 3 (.27) 7 (.64) 
10 3 (.27) 6 (.55) 2 (.18) 
 
6 (.55) 2 (.18) 3 (.27) 
12 5 (.45) 2 (.18) 4 (.36) 
 
6 (.55) 2 (.18) 3 (.27) 
13 2 (.18) 4 (.36) 5 (.45) 
 
2 (.18) 3 (.27) 6 (.55) 
Negative Affect 
2 2 (.18) 6 (.55) 3 (.27) 
 
4 (.36) 3 (.27) 4 (.36) 
4 7 (.64) 2 (.18) 2 (.18) 
 
5 (.45) 2 (.18) 4 (.36) 
6 6 (.55) 2 (.18) 3 (.27) 
 
3 (.27) 3 (.27) 5 (.45) 
7 7 (.64) 2 (.18) 2 (.18) 
 
7 (.64) 3 (.27) 1 (.09) 
8 2 (.18) 1 (.09) 8 (.73) 
 
1 (.09) 2 (.18) 8 (.73) 
9 4 (.36) 3 (.27) 4 (.36) 
 
3 (.27) 4 (.36) 4 (.36) 
11 4 (.36) 5 (.45) 2 (.18) 
 
5 (.45) 4 (.36) 2 (.18) 
14 6 (.55) 4 (.36) 1 (.09)   5 (.45) 2 (.18) 4 (.36) 
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Classroom F3 students’ responses to the MAS-R are summarized in Table C9.  
While 13 (81%) of students agreed with item 3 (I think that I will use math in the 
future) at the beginning of the course, 15 (94%) of these students agreed with 
item 3 at the end of the course.  Three (19%) more students indicated that they 
enjoyed learning mathematics (item 13) at the end of the course than did at the 
beginning.  An additional five (31%) of these students disagreed with item 6 (I 
worry about my ability to solve math problems) at the end of the course than at the 
beginning.  Five (31%) fewer students disagreed with item 11 (Mathematics makes 
me feel uneasy) at the end of the course than did at the beginning of the course.    
 
Table C9: Classroom F3 MAS-R Item Analysis, n=16 (relative frequency) 
 
Pre-course Responses 
 
Post-course Responses 
Item SD/D Neutral SA/A 
 
SD/D Neutral SA/A 
Positive Affect 
1 3 (.19) 6 (.38) 7 (.44) 
 
4 (.25) 6 (.38) 6 (.38) 
3 0 3 (.19) 13 (.81) 
 
1 (.06) 0 15 (.94) 
5 2 (.13) 7 (.44) 7 (.44) 
 
3 (.19) 4 (.25) 9 (.56) 
10 8 (.50) 5 (.31) 3 (.19) 
 
8 (.50) 4 (.25) 4 (.25) 
12 9 (.56) 3 (.19) 4 (.25) 
 
8 (.50) 4 (.25) 4 (.25) 
13 5 (.31) 7 (.44) 4 (.25) 
 
3 (.19) 6 (.38) 7 (.44) 
Negative Affect 
2 4 (.25) 2 (.13) 10 (.63) 
 
2 (.13) 4 (.25) 10 (.63) 
4 6 (.38) 5 (.31) 5 (.31) 
 
5 (.31) 6 (.38) 5 (.31) 
6 4 (.25) 6 (.38) 6 (.38) 
 
9 (.56) 1 (.06) 6 (.38) 
7 9 (.56) 5 (.31) 2 (.13) 
 
9 (.56) 4 (.25) 3 (.19) 
8 3 (.19) 3 (.19) 10 (.63) 
 
3 (.19) 1 (.06) 12 (.75) 
9 8 (.50) 4 (.25) 4 (.25) 
 
7 (.44) 6 (.38) 3 (.19) 
11 10 (.63) 3 (.19) 3 (.19) 
 
5 (.31) 7 (.44) 4 (.25) 
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Classroom F5 students’ responses to the MAS-R at the beginning and end of 
the course are presented in Table C10.  Three (17%) more students agreed with 
positive affect related items 1 (I find math interesting), 5 (Math relates to my life), 
12 (Math is one of my favorite subjects) and 13 (I enjoy learning with 
mathematics) at the end of this course.  Three (17%) more students agreed with 
negative affect related items 6 (I worry about my ability to solve math problems) 
and 14 (Mathematics makes me feel confused) at the end of the course than agreed 
at the beginning of the course. 
 
Table C10: Classroom F5 MAS-R Item Analysis, n=17 (relative frequency) 
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 4 (.24) 3 (.18) 10 (.59) 
 
2 (.12) 2 (.12) 13 (.76) 
3 0 1 (.06) 16 (.94) 
 
0 2 (.12) 15 (.88) 
5 2 (.12) 4 (.24) 11 (.65) 
 
2 (.12) 1 (.06) 14 (.82) 
10 6 (.35) 4 (.24) 7 (.41) 
 
5 (.29) 3 (.18) 9 (.53) 
12 7 (.41) 5 (.29) 5 (.29) 
 
6 (.35) 3 (.18) 8 (.47) 
13 3 (.18) 8 (.47) 6 (.35) 
 
4 (.24) 4 (.24) 9 (.53) 
Negative Affect 
2 4 (.24) 8 (.47) 5 (.29) 
 
5 (.29) 7 (.41) 5 (.29) 
4 10 (.59) 6 (.35) 1 (.06) 
 
11 (.65) 3 (.18) 3 (.18) 
6 5 (.29) 7 (.41) 5 (.29) 
 
4 (.24) 5 (.29) 8 (.47) 
7 11 (.65) 4 (.24) 2 (.12) 
 
11 (.65) 3 (.18) 3 (.18) 
8 2 (.12) 7 (.41) 8 (.47) 
 
1 (.06) 6 (.35) 10 (.59) 
9 4 (.24) 9 (.53) 4 (.24) 
 
7 (.41) 6 (.35) 4 (.24) 
11 10 (.59) 4 (.24) 3 (.18) 
 
9 (.53) 5 (.29) 3 (.18) 
14 9 (.53) 4 (.24) 4 (.24)   10 (.59) 0 7 (.41) 
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Classroom Taught By Instructor 3 
Instructor 3 was a full time instructor with more than 10 years of experience 
teaching math at the post-secondary level.   Instructor 3 relied heavily on mini-
lecture, original power points, active learning, connections to everyday life, as well 
as group and student work in class.  Instructor 3 taught classroom F6 in the Fall 
2015 semester.   
Summaries of students’ responses to the MAS-R for classroom F6 are 
displayed in Table C11.  Twenty two (79%) of these students agreed with item 1 (I 
find math interesting) at the end of the course, increased from the 17 (61%) 
students who agreed with this item at the beginning of the course.  The number of 
students indicating that they would like to take more math classes (item 10) 
increased from six (21%) to 13 (46%).  The number of students who disagreed 
with item 13 (I enjoy learning with mathematics) decreased from six (21%) to only 
one (4%) student at the end of the course. 
Classroom Taught By Instructor 4 
Instructor 4 was an adjunct instructor with two years of experience teaching 
math at the post-secondary level.  Prior to teaching, this faculty member taught 
statistics in the industrial sector.  Instructor 4 relied heavily on mini-lecture, 
original power points, active learning, connections to everyday life, as well as group 
and student work in class.  Instructor 4 taught classroom F7 in the Fall 2015 
semester.   
A summary of classroom F7 students’ responses to the MAS-R are provided 
in Table C12.  Four (17%) more students agreed with item 13 (I enjoy learning 
mathematics) at the conclusion of the class than did at the beginning.  Five (21%) 
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more students disagreed with item 4 (My mind goes blank and I am unable to think 
clearly when doing my math test) at the end of the course than did at the 
beginning.  Seven (29%) more students disagreed with item 6 (I worry about my 
ability to solve math problems) and four (17%) more students disagreed with item 
11 (Mathematics makes me feel uneasy) after taking this course.   
 
Table C11: Classroom F6 MAS-R Item Analysis, n=28 (relative frequency) 
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 2 (.07) 9 (.32) 17 (.61) 
 
0 6 (.21) 22 (.79) 
3 1 (.04) 2 (.07) 25 (.89) 
 
1 (.04) 2 (.07) 25 (.89) 
5 4 (.14) 10 (.36) 14 (.50) 
 
3 (.11) 10 (.36) 15 (.54) 
10 14 (.50) 8 (.29) 6 (.21) 
 
8 (.29) 7 (.25) 13 (.46) 
12 12 (.43) 5 (.18) 11 (.39) 
 
12 (.43) 7 (.25) 9 (.32) 
13 6 (.21) 7 (.25) 15 (.54) 
 
1 (.04) 9 (.32) 18 (.64) 
Negative Affect 
2 4 (.14) 9 (.32) 15 (.54) 
 
4 (.14) 11 (.39) 13 (.46) 
4 9 (.32) 9 (.32) 10 (.36) 
 
12 (.43) 9 (.32) 7 (.25) 
6 6 (.21) 9 (.32) 13 (.46) 
 
9 (.32) 8 (.29) 11 (.39) 
7 12 (.43) 12 (.43) 4 (.14) 
 
16 (.57) 6 (.21) 6 (.21) 
8 3 (.11) 10 (.36) 15 (.54) 
 
6 (.21) 10 (.36) 12 (.43) 
9 7 (.25) 12 (.43) 9 (.32) 
 
9 (.32) 9 (.32) 10 (.36) 
11 12 (.43) 9 (.32) 7 (.25) 
 
15 (.54) 6 (.21) 7 (.25) 
14 9 (.32) 9 (.32) 10 (.36) 
 
13 (.46) 8 (.29) 7 (.25) 
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Table C12: Classroom F7 MAS-R Item Analysis, n=24 (relative frequency)  
 
Pre-course Responses  
 
Post-course Responses 
Item SD/D Neutral SA/A   SD/D Neutral SA/A 
Positive Affect 
1 3 (.12) 7 (.29) 14 (.58) 
 
3 (.12) 6 (.25) 15 (.63) 
3 1 (.04) 4 (.17) 19 (.79) 
 
1 (.04) 4 (.17) 19 (.79) 
5 4 (.17) 7 (.29) 13 (.54) 
 
4 (.17) 9 (.38) 11 (.46) 
10 6 (.25) 12 (.50) 6 (.25) 
 
10 (.42) 8 (.33) 6 (.25) 
12 11 (.46) 7 (.29) 6 (.25) 
 
9 (.38) 11 (.46) 4 (.17) 
13 6 (.25) 10 (.42) 8 (.33) 
 
5 (.21) 7 (.29) 12 (.50) 
Negative Affect 
2 7 (.29) 1 (.04) 16 (.67) 
 
9 (.38) 5 (.21) 10 (.42) 
4 7 (.29) 4 (.17) 13 (.54) 
 
12 (.50) 4 (.17) 8 (.33) 
6 5 (.21) 6 (.25) 13 (.54) 
 
12 (.50) 7 (.29) 8 (.33) 
7 13 (.54) 2 (.08) 9 (.38) 
 
13 (.54) 5 (.21) 6 (.25) 
8 4 (.17) 5 (.21) 15 (.63) 
 
2 (.08) 8 (.33) 14 (.58) 
9 7 (.29) 8 (.33) 9 (.38) 
 
9 (.38) 8 (.33) 7 (.29) 
11 8 (.33) 9 (.38) 7 (.29) 
 
12 (.50) 7 (.29) 5 (.21) 
14 8 (.33) 5 (.21) 11 (.46)   9 (.38) 8 (.33) 7 (.29) 
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Appendix D: USF IRB Letter of Approval 
 
 
May 27, 2016 
 
Kathleen Gibson-Dee 
L-CACHE - Leadership, Counseling, Adult, Career & Higher Education Tampa, 
FL 33612 
 
RE: Expedited Approval for Initial Review 
IRB#: Pro00026064 
Title: Hope, expectation, math anxiety, and achievement in College Algebra 
students: Examining an instructional strategy using multi-level modeling 
 
Study Approval Period: 5/27/2016 to 5/27/2017 
 
Dear Ms. Gibson-Dee: On 5/27/2016, the Institutional Review Board (IRB) 
reviewed and APPROVED the above application and all documents contained 
within, including those outlined below. 
 
Approved Item(s): 
Protocol Document(s): 
IRB Study Protocol.doc 
 
Consent/Assent Document(s)*: 
Waiver of process granted 
 
*Please use only the official IRB stamped informed consent/assent 
document(s) found under the "Attachments" tab. Please note, these 
consent/assent document(s) are only valid during the approval period 
indicated at the top of the form(s). 
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It was the determination of the IRB that your study qualified for expedited 
review which includes activities that (1) present no more than minimal risk 
to human subjects, and (2) involve only procedures listed in one or more of 
the categories outlined below. The IRB may review research through the 
expedited review procedure authorized by 45CFR46.110. The research 
proposed in this study is categorized under the following expedited review 
category: (5) Research involving materials (data, documents, records, or 
specimens) that have been collected, or will be collected solely for 
nonresearch purposes (such as medical treatment or diagnosis).  
 
Your study qualifies for a waiver of the requirements for the informed 
consent process as outlined in the federal regulations at 45CFR46.116 (d) 
which states that an IRB may approve a consent procedure which does not 
include, or which alters, some or all of the elements of informed consent, or 
waive the requirements to obtain informed consent provided the IRB finds 
and documents that (1) the research involves no more than minimal risk to 
the subjects; (2) the waiver or alteration will not adversely affect the rights 
and welfare of the subjects; (3) the research could not practicably be carried 
out without the waiver or alteration; and (4) whenever appropriate, the 
subjects will be provided with additional pertinent information after 
participation. (Record review) 
 
As the principal investigator of this study, it is your responsibility to conduct 
this study in accordance with IRB policies and procedures and as approved 
by the IRB. Any changes to the approved research must be submitted to the 
IRB for review and approval via an amendment. Additionally, all 
unanticipated problems must be reported to the USF IRB within five (5) 
calendar days.  
 
We appreciate your dedication to the ethical conduct of human subject 
research at the University of South Florida and your continued commitment 
to human research protections. If you have any questions regarding this 
matter, please call 813-974-5638. 
 
Sincerely,  
 
 
 
John Schinka, Ph.D.,  
Chairperson 
USF Institutional Review Board 
